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SECTION 00 01 15 
LIST OF DRAWING SHEETS 

The drawings listed below accompanying this specifi cation form a part of 

the contract.  

 

Drawing No. Title 

 
GI001 COVER SHEET 

C-101 SITE REMOVAL PLAN 

C-102 SITE LAYOUT & GRADING PLAN 

S-101 STRUCTURAL GENERAL NOTES, FOOTING AND FOUNDATION 
PLANS AND ROOF FRAMING PLAN   

S-501 STRUCTURAL SCHEDULES AND DETAILS 

A-101 FLOOR AND ROOF PLANS, EXTERIOR ELEVATIONS, 
SECTION AND DETAILS  

ME101 MECHANICAL PLAN AND SCHEDULES  

ES101 ELECTRICAL SITE PLAN – BUILDING 27 

E-101 ELECTRICAL PLANS – BUILDING 5 

E-102 ELECTRICAL PLANS – BUILDING 27 

E-103 BUILDING 27 – LIGHTNING PROTECTION PLAN  

E-501 ELECTRICAL EQUIPEMNT ELEVATIONS AND DETAILS  

E-601 ELECTRICAL RISER DIAGRAM – BUILDINGS 5-2 

R-602 ELECTRICAL RISER DIAGRAM – BUILDING 27 
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SECTION 01 00 00 
GENERAL REQUIREMENTS 

 
 

1.1 GENERAL INTENTION  

A. Contractor shall provide an upgrade to the Campu s electrical service.  

Also provide the replacement of the Building 5 main  Switchboard 5-2 

West.  The Contractor shall completely prepare site  for building 

operations, including the addition and upgrade to B uilding 27.  Furnish 

labor and materials and perform work for the upgrad e to the 15KV 

switchgear and the upgrade to Switchboard 5-2 West as required by 

drawings and specifications.  

B. Visits to the site by Bidders may be made only b y appointment with the 

Medical Center Engineering Officer. 

C. All employees of general contractor and subcontr actors shall comply 

with VA security management program and obtain perm ission of the VA 

police, be identified by project and employer, and restricted from 

unauthorized access. 

D. Prior to commencing work, general contractor sha ll provide proof that a 

OSHA certified “competent person” (CP) (29 CFR 1926 .20(b)(2) will 

maintain a presence at the work site whenever the g eneral or 

subcontractors are present. 

E. Training: 

1. All employees of general contractor or subcontra ctors shall have the 

10-hour OSHA certified Construction Safety course a nd /or other 

relevant competency training, as determined by VA C P with input from 

the ICRA team.  

2. Submit training records of all such employees fo r approval before 

the start of work. 

1.2 STATEMENT OF BID ITEM(S)  

A. ITEM I, GENERAL CONSTRUCTION: Work includes gene ral construction, 

alterations, mechanical and electrical work, utilit y systems, necessary 

removal of existing structures and construction and  certain other 

items.  
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1.3 SPECIFICATIONS AND DRAWINGS FOR CONTRACTOR 

A. AFTER AWARD OF CONTRACT, 5 sets of specification s and drawings will be 

furnished. These drawings and specifications will c onsist of those 

returned by prospective bidders.  

 
1.4 CONSTRUCTION SECURITY REQUIREMENETS 

A. Security Plan: 

1. The security plan defines both physical and admi nistrative security 

procedures that will remain effective for the entir e duration of the 

project. 

2. The General Contractor is responsible for assuri ng that all sub-

contractors working on the project and their employ ees also comply 

with these regulations. 

B. Security Procedures: 

1. General Contractor’s employees shall not enter t he project site 

without appropriate badge.  They may also be subjec t to inspection 

of their personal effects when entering or leaving the project site. 

2. For working outside the “regular hours” as defin ed in the contract, 

The General Contractor shall give 3 days notice to the Contracting 

Officer so that security arrangements can be provid ed for the 

employees.  This notice is separate from any notice s required for 

utility shutdown described later in this section. 

3. No photography of VA premises is allowed without  written permission 

of the Contracting Officer. 

4. VA reserves the right to close down or shut down  the project site 

and order General Contractor’s employees off the pr emises in the 

event of a national emergency.  The General Contrac tor may return to 

the site only with the written approval of the Cont racting Officer. 

C. Key Control: 

1. The General Contractor shall provide triplicate keys and lock 

combinations to the Resident Engineer for the purpo se of security 

inspections of every area of project including tool  boxes and parked 

machines and take any emergency action. 

2. The General Contractor shall turn over all perma nent lock cylinders 

to the VA locksmith for permanent installation. See  Section 08 71 

00, DOOR HARDWARE and coordinate. 
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D. Document Control: 

1. Before starting any work, the General Contractor /Sub Contractors 

shall submit an electronic security memorandum desc ribing the 

approach to following goals and maintaining confide ntiality of 

“sensitive information”. 

2. The General Contractor is responsible for safeke eping of all 

drawings, project manual and other project informat ion.  This 

information shall be shared only with those with a specific need to 

accomplish the project. 

 
1.5 FIRE SAFETY 

A. Applicable Publications: Publications listed bel ow form part of this 

Article to extent referenced. Publications are refe renced in text by 

basic designations only.  

1. American Society for Testing and Materials (ASTM ): 

E84-2008.............Surface Burning Characteristic s of Building 

Materials 

2. National Fire Protection Association (NFPA): 

10-2006..............Standard for Portable Fire Ext inguishers 

30-2007..............Flammable and Combustible Liqu ids Code 

51B-2003.............Standard for Fire Prevention D uring Welding, 

Cutting and Other Hot Work 

70-2007..............National Electrical Code 

241-2004.............Standard for Safeguarding Cons truction, 

Alteration, and Demolition Operations 

3. Occupational Safety and Health Administration (O SHA): 

29 CFR 1926..........Safety and Health Regulations for Construction 

B.  Fire Safety Plan: Establish and maintain a fire pro tection program in 

accordance with 29 CFR 1926. Prior to start of work , prepare a plan 

detailing project-specific fire safety measures, in cluding periodic 

status reports, and submit to Project Engineer for review for 

compliance with contract requirements in accordance  with Section 01 33 

23, SHOP DRAWINGS, PRODUCT DATA AND SAMPLES Prior t o any worker for the 

contractor or subcontractors beginning work, they s hall undergo a 

safety briefing provided by the general contractor’ s competent person 

per OSHA requirements. This briefing shall include information on the 
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construction limits, VAMC safety guidelines, means of egress, break 

areas, work hours, locations of restrooms, use of V AMC equipment, etc. 

Documentation shall be provided to the Project Engi neer that 

individuals have undergone contractor’s safety brie fing. 

C. Site and Building Access: Maintain free and unob structed access to 

facility emergency services and for fire, police an d other emergency 

response forces in accordance with NFPA 241. 

D. Separate temporary facilities, such as trailers,  storage sheds, and 

dumpsters, from existing buildings and new construc tion by distances in 

accordance with NFPA 241. For small facilities with  less than 6 m (20 

feet) exposing overall length, separate by 3m (10 f eet). 

E. Temporary Construction Partitions:  

1. Install and maintain temporary construction part itions to provide 

smoke-tight separations between construction areas and adjoining 

areas. Construct partitions of gypsum board or trea ted plywood 

(flame spread rating of 25 or less in accordance wi th ASTM E84) on 

both sides of fire retardant treated wood or metal steel studs. 

Extend the partitions through suspended ceilings to  floor slab deck 

or roof. Seal joints and penetrations. At door open ings, install 

Class C, ¾ hour fire/smoke rated doors with self-cl osing devices. 

2. Install one (as appropriate for code)-hour fire- rated temporary 

construction partitions as shown on drawings to mai ntain integrity 

of existing exit stair enclosures, exit passageways , fire-rated 

enclosures of hazardous areas, horizontal exits, sm oke barriers, 

vertical shafts and openings enclosures. 

3. Close openings in smoke barriers and fire-rated construction to 

maintain fire ratings. Seal penetrations with liste d through-

penetration firestop materials in accordance with S ection 07 84 00, 

FIRESTOPPING. 

F. Temporary Heating and Electrical: Install, use a nd maintain 

installations in accordance with 29 CFR 1926, NFPA 241 and NFPA 70. 

G. Means of Egress: Do not block exiting for occupi ed buildings, including 

paths from exits to roads. Minimize disruptions and  coordinate with  

Project Engineer. 



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

01 00 00 -5  

H. Egress Routes for Construction Workers: Maintain  free and unobstructed 

egress. Inspect daily. Report findings and correcti ve actions weekly to 

Project Engineer. 

I. Fire Extinguishers: Provide and maintain extingu ishers in construction 

areas and temporary storage areas in accordance wit h 29 CFR 1926, NFPA 

241 and NFPA 10.  

J. Flammable and Combustible Liquids: Store, dispen se and use liquids in 

accordance with 29 CFR 1926, NFPA 241 and NFPA 30.  

  K. Sprinklers: Install, test and activate new aut omatic sprinklers under 

Interim Life Safety provisions as described and val idated by Project 

Engineer and paragraph L below. 

L. Existing Fire Protection: Do not impair automati c sprinklers, smoke and 

heat detection, and fire alarm systems, except for portions immediately 

under construction, and temporarily for connections . Provide fire watch 

for impairments more than 4 hours in a 24-hour peri od. Request 

interruptions in accordance with Article, OPERATION S AND STORAGE AREAS, 

and coordinate with Project Engineer. All existing or temporary fire 

protection systems (fire alarms, sprinklers) locate d in construction 

areas shall be tested as coordinated with the medic al center. 

Parameters for the testing and results of any tests  performed shall be 

recorded by the medical center and copies provided to the Project 

Engineer. 

M. Smoke Detectors: Prevent accidental operation. R emove temporary covers 

at end of work operations each day. Coordinate with  Project Engineer. 

N. Hot Work: Perform and safeguard hot work operati ons in accordance with 

NFPA 241 and NFPA 51B. Coordinate with Project Engi neer. Obtain permits 

from facility Safety Specialist at least 0.5 hours in advance. 

Designate contractor's responsible project-site fir e prevention program 

manager to permit hot work. 

O. Fire Hazard Prevention and Safety Inspections: I nspect entire 

construction areas weekly. Coordinate with, and rep ort findings and 

corrective actions weekly to Project Engineer. 
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P. Smoking: Smoking is prohibited in and adjacent t o construction areas 

inside existing buildings and additions under const ruction. In separate 

and detached buildings under construction, smoking is prohibited except 

in designated smoking rest areas. 

Q. Dispose of waste and debris in accordance with N FPA 241. Remove from 

buildings daily. 

R. Perform other construction, alteration and demol ition operations in 

accordance with 29 CFR 1926. 

S. If required, submit documentation to the Residen t Engineer that 

personnel have been trained in the fire safety aspe cts of working in 

areas with impaired structural or compartmentalizat ion features. 

1.6 OPERATIONS AND STORAGE AREAS  

A. The Contractor shall confine all operations (inc luding storage of 

materials) on Government premises to areas authoriz ed or approved by 

the Contracting Officer. The Contractor shall hold and save the 

Government, its officers and agents, free and harml ess from liability 

of any nature occasioned by the Contractor's perfor mance. 

B. Temporary buildings (e.g., storage sheds, shops,  offices) and utilities 

may be erected by the Contractor only with the appr oval of the 

Contracting Officer and shall be built with labor a nd materials 

furnished by the Contractor without expense to the Government. The 

temporary buildings and utilities shall remain the property of the 

Contractor and shall be removed by the Contractor a t its expense upon 

completion of the work. With the written consent of  the Contracting 

Officer, the buildings and utilities may be abandon ed and need not be 

removed.  

C. The Contractor shall, under regulations prescrib ed by the Contracting 

Officer, use only established roadways, or use temp orary roadways 

constructed by the Contractor when and as authorize d by the Contracting 

Officer. When materials are transported in prosecut ing the work, 

vehicles shall not be loaded beyond the loading cap acity recommended by 

the manufacturer of the vehicle or prescribed by an y Federal, State, or 

local law or regulation. When it is necessary to cr oss curbs or 

sidewalks, the Contractor shall protect them from d amage. The 
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Contractor shall repair or pay for the repair of an y damaged curbs, 

sidewalks, or roads.  

  D. Working space and space available for storing materials shall be as 

shown on the drawings.  

E. Workmen are subject to rules of Medical Center a pplicable to their 

conduct.  

F. Execute work so as to interfere as little as pos sible with normal 

functioning of Medical Center as a whole, including  operations of 

utility services, fire protection systems and any e xisting equipment, 

and with work being done by others. Use of equipmen t and tools that 

transmit vibrations and noises through the building  structure, are not 

permitted in buildings that are occupied, during co nstruction, jointly 

by patients or medical personnel, and Contractor's personnel, except as 

permitted by Project Engineer where required by lim ited working space.  

1. Do not store materials and equipment in other th an assigned areas.  

2. Schedule delivery of materials and equipment to immediate 

construction working areas within buildings in use by Department of 

Veterans Affairs in quantities sufficient for not m ore than two work 

days. Provide unobstructed access to Medical Center  areas required 

to remain in operation.  

3. Where access by Medical Center personnel to vaca ted portions of 

buildings is not required, storage of Contractor's materials and 

equipment will be permitted subject to fire and saf ety requirements. 

G. Phasing: To insure such executions, Contractor s hall furnish the 

Project Engineer with a schedule of approximate dat es on which the 

Contractor intends to accomplish work in each speci fic area of site, 

building or portion thereof.  

 H. Building No. 1 will be occupied during performa nce of work but 

immediate areas of alterations will be vacated. 

1.  Contractor shall take all measures and provide all material 

necessary for protecting existing equipment and pro perty in affected 

areas, including office 224-1 and break-room 221-1,  of construction 

against dust and debris, so that equipment and affe cted areas to be 

used in the Medical Centers operations will not be hindered. 

Coordinate alteration work in areas occupied by Dep artment of 
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Veterans Affairs so that Medical Center operations will continue 

during the construction period.  

2. Immediate areas of alterations not mentioned in preceding 

Subparagraph 1 will be temporarily vacated while al terations are 

performed.   

I. Construction Fence: Not applicable. 

J. When a building is turned over to Contractor: No t applicable.  

K. Utilities Services: Maintain existing utility se rvices for Medical 

Center at all times. Provide temporary facilities, labor, materials, 

equipment, connections, and utilities to assure uni nterrupted services. 

Where necessary to cut existing water, steam, gases , sewer or air 

pipes, or conduits, wires, cables, etc. of utility services or of fire 

protection systems and communications systems (incl uding telephone), 

they shall be cut and capped at suitable places whe re shown; or, in 

absence of such indication, where directed by Proje ct Engineer.  

1. No utility service such as water, gas, steam, se wers or electricity, 

or fire protection systems and communications syste ms may be 

interrupted without prior approval of Project Engin eer. Electrical 

work shall be accomplished with all affected circui ts or equipment 

de-energized. When an electrical outage cannot be a ccomplished, work 

on any energized circuits or equipment shall not co mmence without 

the Medical Center Director’s prior knowledge and w ritten approval. 

Refer to specification Sections 26 05 11, REQUIREME NTS FOR 

ELECTRICAL INSTALLATIONS, 27 05 11 REQUIREMENTS FOR  COMMUNICATIONS 

INSTALLATIONS and 28 05 11, REQUIREMENTS FOR ELECTR ONIC SAFETY AND 

SECURITY INSTALLATIONS for additional requirements.  

2. Contractor shall submit a request to interrupt a ny such services to 

Project Engineer, in writing, 48 hours in advance o f proposed 

interruption. Request shall state reason, date, exa ct time of, and 

approximate duration of such interruption.  

3. Contractor will be advised (in writing) of appro val of request, or 

of which other date and/or time such interruption w ill cause least 

inconvenience to operations of Medical Center. Inte rruption time 

approved by Medical Center may occur at other than Contractor's 

normal working hours.  
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4. Major interruptions of any system must be reques ted, in writing, at 

least 15 calendar days prior to the desired time an d shall be 

performed as directed by the Project Engineer.  

5. In case of a contract construction emergency, se rvice will be 

interrupted on approval of Project Engineer. Such a pproval will be 

confirmed in writing as soon as practical.  

6. Whenever it is required that a connection fee be  paid to a public 

utility provider for new permanent service to the c onstruction 

project, for such items as water, sewer, electricit y, gas or steam, 

payment of such fee shall be the responsibility of the Government 

and not the Contractor.  

L. Abandoned Lines: All service lines such as wires , cables, conduits, 

ducts, pipes and the like, and their hangers or sup ports, which are to 

be abandoned but are not required to be entirely re moved, shall be 

sealed, capped or plugged. The lines shall not be c apped in finished 

areas, but shall be removed and sealed, capped or p lugged in ceilings, 

within furred spaces, in unfinished areas, or withi n walls or 

partitions; so that they are completely behind the finished surfaces.  

M. To minimize interference of construction activit ies with flow of 

Medical Center traffic, comply with the following:  

1. Keep roads, walks and entrances to grounds, to p arking and to 

occupied areas of buildings clear of construction m aterials, debris 

and standing construction equipment and vehicles. W herever 

excavations for new utility lines cross existing ro ads, this 

constitutes a major interruption, and notification must be made at 

least 15 calendar days in advance. 

2. Method and scheduling of required cutting, alter ing and removal of 

existing roads, walks and entrances must be approve d by the Project 

Engineer.  

N. Coordinate the work for this contract with other  construction 

operations as directed by Project Engineer. This in cludes the 

scheduling of traffic and the use of roadways, as s pecified in Article, 

USE OF ROADWAYS.  
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O. Any new or existing utility that is uncovered an d/or exposed shall be 

physically located by survey.  Contractor is respon sible for providing 

coordinates(x,y,Z) to the VA engineering department .  All coordinates 

shall be in South Dakota state plains datum by use of existing control 

points.    

 
1.7 ALTERATIONS  

A. Survey: Before any work is started, the Contract or shall make a 

thorough survey with the Project Engineer and a rep resentative of VA 

Supply Service, of areas of buildings in which alte rations occur and 

areas which are anticipated routes of access, and f urnish a report, 

signed by both, to the Contracting Officer. This re port shall list by 

rooms and spaces: 

1. Existing condition and types of resilient floori ng, doors, windows, 

walls and other surfaces not required to be altered  throughout 

affected areas of building. 

2. Existence and conditions of items such as plumbi ng fixtures and 

accessories, electrical fixtures, equipment, veneti an blinds, 

shades, etc., required by drawings to be either reu sed or relocated, 

or both. 

3. Shall note any discrepancies between drawings an d existing 

conditions at site.  

4. Shall designate areas for working space, materia ls storage and 

routes of access to areas within buildings where al terations occur 

and which have been agreed upon by Contractor and P roject Engineer.  

B. Any items required by drawings to be either reus ed or relocated or 

both, found during this survey to be nonexistent, o r in opinion of 

Resident Engineer and/or Supply Representative, to be in such condition 

that their use is impossible or impractical, shall be furnished by the 

Government. 

C. Re-Survey: Ten days before expected partial or f inal inspection date, 

the Contractor and Resident Engineer together shall  make a thorough 

re-survey of the areas of buildings involved. They shall furnish a 

report on conditions then existing, of resilient fl ooring, doors, 

windows, walls and other surfaces as compared with conditions of same 

as noted in first condition survey report:  



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

01 00 00 -11  

1. Re-survey report shall also list any damage caus ed by Contractor to 

such flooring and other surfaces, despite protectio n measures; and, 

will form basis for determining extent of repair wo rk required of 

Contractor to restore damage caused by Contractor's  workmen in 

executing work of this contract.  

D. Protection: Provide the following protective mea sures:  

1. Wherever existing roof surfaces are disturbed th ey shall be 

protected against water infiltration. In case of le aks, they shall 

be repaired immediately upon discovery.  

2. Temporary protection against damage for portions  of existing 

structures and grounds where work is to be done, ma terials handled 

and equipment moved and/or relocated.  

3. Protection of interior of existing structures at  all times, from 

damage, dust and weather inclemency. Wherever work is performed, 

floor surfaces that are to remain in place shall be  adequately 

protected prior to starting work, and this protecti on shall be 

maintained intact until all work in the area is com pleted.  

 
1.8 INFECTION PREVENTION MEASURES 

A. Implement the requirements of VAMC’s Infection C ontrol Risk Assessment 

(ICRA) team. ICRA Group may monitor dust in the vic inity of the 

construction work and require the Contractor to tak e corrective action 

immediately if the safe levels are exceeded. 

B. Establish and maintain a dust control program as  part of the 

contractor’s infection preventive measures in accor dance with the 

guidelines provided by ICRA Group. Prior to start o f work, prepare a 

plan detailing project-specific dust protection mea sures, including 

periodic status reports, and submit to Project Engi neer for review for 

compliance with contract requirements in accordance  with Section 01 33 

23, SHOP DRAWINGS, PRODUCT DATA AND SAMPLES.  

1. All personnel involved in the construction or re novation activity 

shall be educated and trained in infection preventi on measures 

established by the medical center. 
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C. Medical center Infection Control personnel shall  monitor for airborne 

disease (e.g. aspergillosis) as appropriate during construction. A 

baseline of conditions may be established by the me dical center prior 

to the start of work and periodically during the co nstruction stage to 

determine impact of construction activities on indo or air quality. In 

addition: 

1. The Project Engineer and VAMC Infection Control personnel shall 

review pressure differential monitoring documentati on to verify that 

pressure differentials in the construction zone and  in the patient-

care rooms are appropriate for their settings. The requirement for 

negative air pressure in the construction zone shal l depend on the 

location and type of activity. Upon notification, t he contractor 

shall implement corrective measures to restore prop er pressure 

differentials as needed. 

2. In case of any problem, the medical center, alon g with assistance 

from the contractor, shall conduct an environmental  assessment to 

find and eliminate the source. 

D. In general, following preventive measures shall be adopted during 

construction to keep down dust and prevent mold.  

1. Dampen debris to keep down dust and provide temp orary construction 

partitions in existing structures where directed by  Project 

Engineer. Blank off ducts and diffusers to prevent circulation of 

dust into occupied areas during construction. 

2. Do not perform dust producing tasks within occup ied areas without 

the approval of the Project Engineer. For construct ion in any areas 

that will remain jointly occupied by the Medical Ce nter and 

Contractor’s workers, the Contractor shall: 

a. Provide dust proof fire-rated temporary drywall construction 

barriers to completely separate construction from t he operational 

areas of the hospital in order to contain dirt, deb ris and dust. 

Barriers shall be sealed and made presentable on ho spital 

occupied side. Install a self-closing rated door in  a metal 

frame, commensurate with the partition, to allow wo rker access. 

Maintain negative air at all times. A fire retardan t polystyrene, 

6-mil thick or greater plastic barrier meeting loca l fire codes 
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may be used where dust control is the only hazard, and an 

agreement is reached with the Project Engineer and Medical 

Center. 

b. HEPA filtration is required where the exhaust du st may reenter 

the breathing zone.  Contractor shall verify that c onstruction 

exhaust to exterior is not reintroduced to the medi cal center 

through intake vents, or building openings. Install  HEPA (High 

Efficiency Particulate Accumulator) filter vacuum s ystem rated at 

95% capture of 0.3 microns including pollen, mold s pores and dust 

particles. Insure continuous negative air pressures  occurring 

within the work area. HEPA filters should have ASHR AE 85 or other 

prefilter to extend the useful life of the HEPA. Pr ovide both 

primary and secondary filtrations units. Exhaust ho ses shall be 

heavy duty, flexible steel reinforced and exhausted  so that dust 

is not reintroduced to the medical center. 

c. Adhesive Walk-off/Carpet Walk-off Mats, minimum 600mm x 900mm 

(24” x 36”), shall be used at all interior transiti ons from the 

construction area to occupied medical center area. These mats 

shall be changed as often as required to maintain c lean work 

areas directly outside construction area at all tim es. 

d. Vacuum and wet mop all transition areas from con struction to the 

occupied medical center at the end of each workday.  Vacuum shall 

utilize HEPA filtration. Maintain surrounding area frequently. 

Remove debris as they are created. Transport these outside the 

construction area in containers with tightly fittin g lids. 

e. The contractor shall not haul debris through pat ient-care areas 

without prior approval of the Project Engineer and the Medical 

Center. When, approved, debris shall be hauled in e nclosed dust 

proof containers or wrapped in plastic and sealed w ith duct tape. 

No sharp objects should be allowed to cut through t he plastic. 

Wipe down the exterior of the containers with a dam p rag to 

remove dust. All equipment, tools, material, etc. t ransported 

through occupied areas shall be made free from dust  and moisture 

by vacuuming and wipe down.  
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f. Using a HEPA vacuum, clean inside the barrier an d vacuum ceiling 

tile prior to replacement. Any ceiling access panel s opened for 

investigation beyond sealed areas shall be sealed i mmediately 

when unattended. 

g. There shall be no standing water during construc tion. This 

includes water in equipment drip pans and open cont ainers within 

the construction areas. All accidental spills must be cleaned up 

and dried within 12 hours. Remove and dispose of po rous materials 

that remain damp for more than 72 hours. 

h.  At completion, remove construction barriers and cei ling 

protection carefully, outside of normal work hours.  Vacuum and 

clean all surfaces free of dust after the removal. 

E. Final Cleanup: 

1. Upon completion of project, or as work progresse s, remove all 

construction debris from above ceiling, vertical sh afts and utility 

chases that have been part of the construction. 

2. Perform HEPA vacuum cleaning of all surfaces in the construction 

area. This includes walls, ceilings, cabinets, furn iture (built-in 

or free standing), partitions, flooring, etc. 

3. All new air ducts shall be cleaned prior to fina l inspection. 

1.9 DISPOSAL AND RETENTION 

A. Materials and equipment accruing from work remov ed and from demolition 

of buildings or structures, or parts thereof, shall  be disposed of as 

follows:  

1. Items that remain property of the Government sha ll be removed or 

dislodged from present locations in such a manner a s to prevent 

damage which would be detrimental to re-installatio n and reuse. 

Store such items where directed by Project Engineer .  

2. Items not reserved shall become property of the Contractor and be 

removed by Contractor from Medical Center. 

3. Items of portable equipment and furnishings loca ted in rooms and 

spaces in which work is to be done under this contr act shall remain 

the property of the Government. When rooms and spac es are vacated by 

the Department of Veterans Affairs during the alter ation period, 

such items which are NOT required by drawings and s pecifications to 
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be either relocated or reused will be removed by th e Government in 

advance of work to avoid interfering with Contracto r's operation.  

1.10 PROTECTION OF EXISTING VEGETATION, STRUCTURES,  EQUIPMENT, UTILITIES, AND 
IMPROVEMENTS  

A. The Contractor shall preserve and protect all st ructures, equipment, 

and vegetation (such as trees, shrubs, and grass) o n or adjacent to the 

work site, which are not to be removed and which do  not unreasonably 

interfere with the work required under this contrac t. The Contractor 

shall only remove trees when specifically authorize d to do so, and 

shall avoid damaging vegetation that will remain in  place. If any limbs 

or branches of trees are broken during contract per formance, or by the 

careless operation of equipment, or by workmen, the  Contractor shall 

trim those limbs or branches with a clean cut and p aint the cut with a 

tree-pruning compound as directed by the Contractin g Officer.  

B. The Contractor shall protect from damage all exi sting improvements and 

utilities at or near the work site and on adjacent property of a third 

party, the locations of which are made known to or should be known by 

the Contractor. The Contractor shall repair any dam age to those 

facilities, including those that are the property o f a third party, 

resulting from failure to comply with the requireme nts of this contract 

or failure to exercise reasonable care in performin g the work. If the 

Contractor fails or refuses to repair the damage pr omptly, the 

Contracting Officer may have the necessary work per formed and charge 

the cost to the Contractor. 

(FAR 52.236-9) 

C. Refer to Section 01 57 19, TEMPORARY ENVIRONMENT AL CONTROLS, for 

additional requirements on protecting vegetation, s oils and the 

environment. Refer to Articles, "Alterations", "Res toration", and 

"Operations and Storage Areas" for additional instr uctions concerning 

repair of damage to structures and site improvement s.  

 

1.11 RESTORATION  

A. Remove, cut, alter, replace, patch and repair ex isting work as 

necessary to install new work. Except as otherwise shown or specified, 

do not cut, alter or remove any structural work, an d do not disturb any 

ducts, plumbing, steam, gas, or electric work witho ut approval of the 
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Project Engineer. Existing work to be altered or ex tended and that is 

found to be defective in any way, shall be reported  to the Project 

Engineer before it is disturbed. Materials and work manship used in 

restoring work, shall conform in type and quality t o that of original 

existing construction, except as otherwise shown or  specified.  

B. Upon completion of contract, deliver work comple te and undamaged. 

Existing work (walls, ceilings, partitions, floors,  mechanical and 

electrical work, lawns, paving, roads, walks, etc.)  disturbed or 

removed as a result of performing required new work , shall be patched, 

repaired, reinstalled, or replaced with new work, a nd refinished and 

left in as good condition as existed before commenc ing work.  

C. At Contractor's own expense, Contractor shall im mediately restore to 

service and repair any damage caused by Contractor' s workmen to 

existing piping and conduits, wires, cables, etc., of utility services 

or of fire protection systems and communications sy stems (including 

telephone) which are indicated on drawings and whic h are not scheduled 

for discontinuance or abandonment.  

D. Expense of repairs to such utilities and systems  not shown on drawings 

or locations of which are unknown will be covered b y adjustment to 

contract time and price in accordance with clause e ntitled "CHANGES" 

(FAR 52.243-4 and VAAR 852.236-88) and "DIFFERING S ITE CONDITIONS" (FAR 

52.236-2) of Section 00 72 00, GENERAL CONDITIONS.  

1.12 PHYSICAL DATA  

A. Data and information furnished or referred to be low is for the 

Contractor's information. The Government shall not be responsible for 

any interpretation of or conclusion drawn from the data or information 

by the Contractor. 

1. The indications of physical conditions on the dr awings and in the 

specifications are the result of site investigation s by: Not 

applicable.  

(FAR 52.236-4) 

B. Subsurface conditions have been developed by cor e borings and test 

pits. Logs of subsurface exploration are shown diag rammatically on 

drawings. Not applicable. 
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C. A copy of the soil report will be made available  for inspection by 

bidders upon request to the Engineering Officer at the VA Medical 

Center. Not applicable.  

D. Government does not guarantee that other materia ls will not be 

encountered nor that proportions, conditions or cha racter of several 

materials will not vary from those indicated by exp lorations.  

1.13 PROFESSIONAL SURVEYING SERVICES  

 A registered professional land surveyor or registe red civil engineer 

whose services are retained and paid for by the Con tractor shall 

perform services specified herein and in other spec ification sections. 

The Contractor shall certify that the land surveyor  or civil engineer 

is not one who is a regular employee of the Contrac tor, and that the 

land surveyor or civil engineer has no financial in terest in this 

contract.  

1.14 LAYOUT OF WORK  

A. The Contractor shall lay out the work from Gover nment established base 

lines and bench marks, indicated on the drawings, a nd shall be 

responsible for all measurements in connection with  the layout. The 

Contractor shall furnish, at Contractor's own expen se, all stakes, 

templates, platforms, equipment, tools, materials, and labor required 

to lay out any part of the work. The Contractor sha ll be responsible 

for executing the work to the lines and grades that  may be established 

or indicated by the Contracting Officer. The Contra ctor shall also be 

responsible for maintaining and preserving all stak es and other marks 

established by the Contracting Officer until author ized to remove them. 

If such marks are destroyed by the Contractor or th rough Contractor's 

negligence before their removal is authorized, the Contracting Officer 

may replace them and deduct the expense of the repl acement from any 

amounts due or to become due to the Contractor.  

(FAR 52.236-17) 

B. Establish and plainly mark center lines for each  building and/or 

addition to each existing building, and such other lines and grades 

that are reasonably necessary to properly assure th at location, 

orientation, and elevations established for each su ch structure and/or 
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addition, are in accordance with lines and elevatio ns shown on contract 

drawings.  

C. Following completion of general mass excavation and before any other 

permanent work is performed, establish and plainly mark (through use of 

appropriate batter boards or other means) sufficien t additional survey 

control points or system of points as may be necess ary to assure proper 

alignment, orientation, and grade of all major feat ures of work. Survey 

shall include, but not be limited to, location of l ines and grades of 

footings, exterior walls, center lines of columns i n both directions, 

major utilities and elevations of floor slabs:  

1. Such additional survey control points or system of points thus 

established shall be checked and certified by a reg istered land 

surveyor or registered civil engineer. Furnish such  certification to 

the Project Engineer before any work (such as footi ngs, floor slabs, 

columns, walls, utilities and other major controlli ng features) is 

placed.  

D. During progress of work, and particularly as wor k progresses from floor 

to floor, Contractor shall have line grades and plu mbness of all major 

form work checked and certified by a registered lan d surveyor or 

registered civil engineer as meeting requirements o f contract drawings. 

Furnish such certification to the Resident Engineer  before any major 

items of concrete work are placed. In addition, Con tractor shall 

furnish to the Resident Engineer certificates from a registered land 

surveyor or registered civil engineer that the foll owing work is 

complete in every respect as required by contract d rawings. 

1. Lines of each building and/or addition.  

2. Elevations of bottoms of footings and tops of fl oors of each 

building and/or addition.  

3. Lines and elevations of sewers and of all outsid e distribution 

systems. 

E. Whenever changes from contract drawings are made  in line or grading 

requiring certificates, record such changes on a re producible drawing 

bearing the registered land surveyor or registered civil engineer seal, 

and forward these drawings upon completion of work to Resident 

Engineer. 
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F. The Contractor shall perform the surveying and l ayout work of this and 

other articles and specifications in accordance wit h the provisions of 

Article "Professional Surveying Services".  

1.15 AS-BUILT DRAWINGS 

A. The contractor shall maintain two full size sets  of as-built drawings 

which will be kept current during construction of t he project, to 

include all contract changes, modifications and cla rifications. 

B. All variations shall be shown in the same genera l detail as used in the 

contract drawings. To insure compliance, as-built d rawings shall be 

made available for the Project Engineer's review, a s often as 

requested. 

C. Contractor shall deliver two approved completed sets of as-built 

drawings to the Resident Engineer within 15 calenda r days after each 

completed phase and after the acceptance of the pro ject by the Project 

Engineer. 

D. Paragraphs A, B, & C shall also apply to all sho p drawings. 

1.16 USE OF ROADWAYS 

A. For hauling, use only established public roads a nd roads on Medical 

Center property and, when authorized by the Project  Engineer, such 

temporary roads which are necessary in the performa nce of contract 

work. Temporary roads shall be constructed by the C ontractor at 

Contractor's expense. When necessary to cross curbi ng, sidewalks, or 

similar construction, they must be protected by wel l-constructed 

bridges. 

B. When new permanent roads are to be a part of thi s contract, Contractor 

may construct them immediately for use to facilitat e building 

operations. These roads may be used by all who have  business thereon 

within zone of building operations.  

C. When certain buildings (or parts of certain buil dings) are required to 

be completed in advance of general date of completi on, all roads 

leading thereto must be completed and available for  use at time set for 

completion of such buildings or parts thereof.  
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1.18 TEMPORARY USE OF MECHANICAL AND ELECTRICAL EQUIPMENT  

A. Use of new installed mechanical and electrical e quipment to provide 

heat, ventilation, plumbing, light and power will b e permitted subject 

to compliance with the following provisions:  

1. Permission to use each unit or system must be gi ven by Project 

Engineer. If the equipment is not installed and mai ntained in 

accordance with the following provisions, the Proje ct Engineer will 

withdraw permission for use of the equipment.  

2. Electrical installations used by the equipment s hall be completed in 

accordance with the drawings and specifications to prevent damage to 

the equipment and the electrical systems, i.e. tran sformers, relays, 

circuit breakers, fuses, conductors, motor controll ers and their 

overload elements shall be properly sized, coordina ted and adjusted. 

Voltage supplied to each item of equipment shall be  verified to be 

correct and it shall be determined that motors are not overloaded. 

The electrical equipment shall be thoroughly cleane d before using it 

and again immediately before final inspection inclu ding vacuum 

cleaning and wiping clean interior and exterior sur faces.  

3. Units shall be properly lubricated, balanced, an d aligned. 

Vibrations must be eliminated.  

4. Automatic temperature control systems for prehea t coils shall 

function properly and all safety controls shall fun ction to prevent 

coil freeze-up damage.  

5. The air filtering system utilized shall be that which is designed 

for the system when complete, and all filter elemen ts shall be 

replaced at completion of construction and prior to  testing and 

balancing of system. 

6. All components of heat production and distributi on system, metering 

equipment, condensate returns, and other auxiliary facilities used 

in temporary service shall be cleaned prior to use;  maintained to 

prevent corrosion internally and externally during use; and cleaned, 

maintained and inspected prior to acceptance by the  Government.  

B. Prior to final inspection, the equipment or part s used which show wear 

and tear beyond normal, shall be replaced with iden tical replacements, 

at no additional cost to the Government.  
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C. This paragraph shall not reduce the requirements  of the mechanical and 

electrical specifications sections.  

 
1.19 TEMPORARY USE OF EXISTING ELEVATORS  

  A. Use of existing elevators for handling buildin g materials and 

Contractor's personnel will be permitted subject to  following 

provisions: Not applicable. 

1.21 TEMPORARY TOILETS  

A'. Contractor may have for use of Contractor's wor kmen, such toilet 

accommodations as may be assigned to Contractor by Medical Center. 

Contractor shall keep such places clean and be resp onsible for any 

damage done thereto by Contractor's workmen. Failur e to maintain 

satisfactory condition in toilets will deprive Cont ractor of the 

privilege to use such toilets.  

 
1.22 AVAILABILITY AND USE OF UTILITY SERVICES  

A. The Government shall make all reasonably require d amounts of utilities 

available to the Contractor from existing outlets a nd supplies, as 

specified in the contract. The Contractor shall car efully conserve any 

utilities furnished without charge.  

B. The Contractor, at Contractor's expense and in a  workmanlike manner 

satisfactory to the Contracting Officer, shall inst all and maintain all 

necessary temporary connections and distribution li nes, and all meters 

required to measure the amount of electricity used for the purpose of 

determining charges. Before final acceptance of the  work by the 

Government, the Contractor shall remove all the tem porary connections, 

distribution lines, meters, and associated parapher nalia.  

C. Heat: Furnish temporary heat necessary to preven t injury to work and 

materials through dampness and cold. Use of open sa lamanders or any 

temporary heating devices which may be fire hazards  or may smoke and 

damage finished work, will not be permitted. Mainta in minimum 

temperatures as specified for various materials:  

1. Obtain heat by connecting to Medical Center heat ing distribution 

system.  

a. Steam is available at no cost to Contractor.  
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D. Electricity (for Construction and Testing): Furn ish all temporary 

electric services.  

1. Obtain electricity by connecting to the Medical Center electrical 

distribution system. The Contractor shall meter and  pay for 

electricity required for electric cranes and hoisti ng devices, 

electrical welding devices and any electrical heati ng devices 

providing temporary heat. Electricity for all other  uses is 

available at no cost to the Contractor.  

E. Water (for Construction and Testing): Furnish te mporary water service. 

1. Obtain water by connecting to the Medical Center  water distribution 

system. Provide reduced pressure backflow preventer  at each 

connection. Water is available at no cost to the Co ntractor.  

2. Maintain connections, pipe, fittings and fixture s and conserve 

water-use so none is wasted. Failure to stop leakag e or other wastes 

will be cause for revocation (at Project Engineer's  discretion) of 

use of water from Medical Center's system.  

F. Steam: Furnish steam system for testing required  in various sections of 

specifications.  

1. Obtain steam for testing by connecting to the Me dical Center steam 

distribution system. Steam is available at no cost to the 

Contractor.  

2. Maintain connections, pipe, fittings and fixture s and conserve 

steam-use so none is wasted. Failure to stop leakag e or other waste 

will be cause for revocation (at Project Engineer's  discretion), of 

use of steam from the Medical Center's system.  

1.23 NEW TELEPHONE EQUIPMENT 

 The contractor shall coordinate with the work of i nstallation of 

telephone equipment by others. This work shall be c ompleted before the 

building is turned over to VA. 

1.24 TESTS  

A. Pre-test mechanical and electrical equipment and  systems and make 

corrections required for proper operation of such s ystems before 

requesting final tests. Final test will not be cond ucted unless 

pre-tested.  
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B. Conduct final tests required in various sections  of specifications in 

presence of an authorized representative of the Con tracting Officer. 

Contractor shall furnish all labor, materials, equi pment, instruments, 

and forms, to conduct and record such tests.  

C. Mechanical and electrical systems shall be balan ced, controlled and 

coordinated. A system is defined as the entire comp lex which must be 

coordinated to work together during normal operatio n to produce results 

for which the system is designed. For example, air conditioning supply 

air is only one part of entire system which provide s comfort conditions 

for a building. Other related components are return  air, exhaust air, 

steam, chilled water, refrigerant, hot water, contr ols and electricity, 

etc. Another example of a complex which involves se veral components of 

different disciplines is a boiler installation. Eff icient and 

acceptable boiler operation depends upon the coordi nation and proper 

operation of fuel, combustion air, controls, steam,  feedwater, 

condensate and other related components.  

D. All related components as defined above shall be  functioning when any 

system component is tested. Tests shall be complete d within a 

reasonably short period of time during which operat ing and 

environmental conditions remain reasonably constant .  

E. Individual test result of any component, where r equired, will only be 

accepted when submitted with the test results of re lated components and 

of the entire system.  

1.25 INSTRUCTIONS  

A. Contractor shall furnish Maintenance and Operati ng manuals and verbal 

instructions when required by the various sections of the 

specifications and as hereinafter specified.  

B. Manuals: Maintenance and operating manuals (thre e copies each) for each 

separate piece of equipment shall be delivered to t he Resident Engineer 

coincidental with the delivery of the equipment to the job site. 

Manuals shall be complete, detailed guides for the maintenance and 

operation of equipment. They shall include complete  information 

necessary for starting, adjusting, maintaining in c ontinuous operation 

for long periods of time and dismantling and reasse mbling of the 

complete units and sub-assembly components. Manuals  shall include an 
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index covering all component parts clearly cross-re ferenced to diagrams 

and illustrations. Illustrations shall include "exp loded" views showing 

and identifying each separate item. Emphasis shall be placed on the use 

of special tools and instruments. The function of e ach piece of 

equipment, component, accessory and control shall b e clearly and 

thoroughly explained. All necessary precautions for  the operation of 

the equipment and the reason for each precaution sh all be clearly set 

forth. Manuals must reference the exact model, styl e and size of the 

piece of equipment and system being furnished. Manu als referencing 

equipment similar to but of a different model, styl e, and size than 

that furnished will not be accepted.  

C. Instructions: Contractor shall provide qualified , factory-trained 

manufacturers' representatives to give detailed ins tructions to 

assigned Department of Veterans Affairs personnel i n the operation and 

complete maintenance for each piece of equipment. A ll such training 

will be at the job site. These requirements are mor e specifically 

detailed in the various technical sections. Instruc tions for different 

items of equipment that are component parts of a co mplete system, shall 

be given in an integrated, progressive manner. All instructors for 

every piece of component equipment in a system shal l be available until 

instructions for all items included in the system h ave been completed. 

This is to assure proper instruction in the operati on of inter-related 

systems. All instruction periods shall be at such t imes as scheduled by 

the Project Engineer and shall be considered conclu ded only when the 

Project Engineer is satisfied in regard to complete  and thorough 

coverage. The Department of Veterans Affairs reserv es the right to 

request the removal of, and substitution for, any i nstructor who, in 

the opinion of the Project Engineer, does not demon strate sufficient 

qualifications in accordance with requirements for instructors above.  

1.26 GOVERNMENT-FURNISHED PROPERTY  

A. The Government shall deliver to the Contractor, the 

Government-furnished property shown on the drawings .  

B. Equipment furnished by Government to be installe d by Contractor will be 

furnished to Contractor at the Medical Center.  
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  C. Contractor shall be prepared to receive this e quipment from Government 

and store or place such equipment.  

D. Notify Contracting Officer in writing, 60 days i n advance, of date on 

which Contractor will be prepared to receive equipm ent furnished by 

Government. Arrangements will then be made by the G overnment for 

delivery of equipment.  

1. Immediately upon delivery of equipment, Contract or shall arrange for 

a joint inspection thereof with a representative of  the Government. 

At such time the Contractor shall acknowledge recei pt of equipment 

described, make notations, and immediately furnish the Government 

representative with a written statement as to its c ondition or 

shortages.  

2. Contractor thereafter is responsible for such eq uipment until such 

time as acceptance of contract work is made by the Government.  

E. Equipment furnished by the Government will be de livered in a partially 

assembled (knock down) condition in accordance with  existing standard 

commercial practices, complete with all fittings, f astenings, and 

appliances necessary for connections to respective services installed 

under contract. All fittings and appliances (i.e., couplings, ells, 

tees, nipples, piping, conduits, cables, and the li ke) necessary to 

make the connection between the Government furnishe d equipment item and 

the utility stub-up shall be furnished and installe d by the contractor 

at no additional cost to the Government.  

F. Completely assemble and install the Government f urnished equipment in 

place ready for proper operation in accordance with  specifications and 

drawings.  

G. Furnish supervision of installation of equipment  at construction site 

by qualified factory trained technicians regularly employed by the 

equipment manufacturer. 

1.27 RELOCATED EQUIPMENT ITEMS  

A. Contractor shall disconnect, dismantle as necess ary, remove and 

reinstall in new location, all existing equipment a nd items indicated 

by symbol "R" or otherwise shown to be relocated by  the Contractor.  

B. Perform relocation of such equipment items at su ch times and in such a 

manner as directed by the Project Engineer.  



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

01 00 00 -26  

C. Suitably cap existing service lines, such as ste am, condensate return, 

water, drain, gas, air, vacuum and/or electrical, w henever such lines 

are disconnected from equipment to be relocated. Re move abandoned lines 

in finished areas and cap as specified herein befor e under paragraph 

"Abandoned Lines".  

D. Provide all mechanical and electrical service co nnections, fittings, 

fastenings and any other materials necessary for as sembly and 

installation of relocated equipment; and leave such  equipment in proper 

operating condition.  

E. All service lines such as noted above for reloca ted equipment shall be 

in place at point of relocation ready for use befor e any existing 

equipment is disconnected. Make relocated existing equipment ready for 

operation or use immediately after reinstallation.  

1.33 HISTORIC PRESERVATION  

 Where the Contractor or any of the Contractor's em ployees, prior to, or 

during the construction work, are advised of or dis cover any possible 

archeological, historical and/or cultural resources , the Contractor 

shall immediately notify the Project Engineer verba lly, and then with a 

written follow up.  

- - - E N D - - - 
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SECTION 01 33 23 
SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES 

1-1. Refer to Articles titled SPECIFICATIONS AND DR AWINGS FOR CONSTRUCTION 

(FAR 52.236-21) and, SPECIAL NOTES (VAAR 852.236-91 ), in GENERAL 

CONDITIONS. 

1-2. For the purposes of this contract, samples, te st reports, certificates, 

and manufacturers' literature and data shall also b e subject to the 

previously referenced requirements. The following t ext refers to all 

items collectively as SUBMITTALS. 

1-3. Submit for approval, all of the items specific ally mentioned under the 

separate sections of the specification, with inform ation sufficient to 

evidence full compliance with contract requirements . Materials, 

fabricated articles and the like to be installed in  permanent work shall 

equal those of approved submittals. After an item h as been approved, no 

change in brand or make will be permitted unless: 

A. Satisfactory written evidence is presented to, a nd approved by 

Contracting Officer, that manufacturer cannot make scheduled delivery of 

approved item or; 

B. Item delivered has been rejected and substitutio n of a suitable item is 

an urgent necessity or; 

C. Other conditions become apparent which indicates  approval of such 

substitute item to be in best interest of the Gover nment. 

1-4. Forward submittals in sufficient time to permi t proper consideration and 

approval action by Government. Time submission to a ssure adequate lead 

time for procurement of contract - required items. Delays attributable 

to untimely and rejected submittals will not serve as a basis for 

extending contract time for completion. 

1-5. Submittals will be reviewed for compliance wit h contract requirements by 

Resident Engineer, and action thereon will be taken  by Resident Engineer 

on behalf of the Contracting Officer. 

1-6. Upon receipt of submittals, Resident Engineer will assign a file number 

thereto. Contractor, in any subsequent corresponden ce, shall refer to 

this file and identification number to expedite rep lies relative to 

previously approved or disapproved submittals. 

1-7. The Government reserves the right to require a dditional submittals, 

whether or not particularly mentioned in this contr act. If additional 

submittals beyond those required by the contract ar e furnished pursuant 
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to request therefor by Contracting Officer, adjustm ent in contract price 

and time will be made in accordance with Articles t itled CHANGES (FAR 

52.243-4) and CHANGES - SUPPLEMENT (VAAR 852.236-88 ) of the GENERAL 

CONDITIONS. 

1-8. Schedules called for in specifications and sho wn on shop drawings shall 

be submitted for use and information of Department of Veterans Affairs. 

However, the Contractor shall assume responsibility  for coordinating and 

verifying schedules. The Contracting Officer and Re sident Engineer 

assumes no responsibility for checking schedules or  layout drawings for 

exact sizes, exact numbers and detailed positioning  of items. 

1-9. Submittals must be submitted by Contractor onl y and shipped prepaid. 

Contracting Officer assumes no responsibility for c hecking quantities or 

exact numbers included in such submittals.  

A. Submit samples in single units unless otherwise specified. Submit shop 

drawings, schedules, manufacturers' literature and data, and 

certificates in quadruplicate, except where a great er number is 

specified. 

B. Submittals will receive consideration only when covered by a transmittal 

letter signed by Contractor. Letter shall be sent v ia first class mail 

and shall contain the list of items, name of Medica l Center, name of 

Contractor, contract number, applicable specificati on paragraph numbers, 

applicable drawing numbers (and other information r equired for exact 

identification of location for each item), manufact urer and brand, ASTM 

or Federal Specification Number (if any) and such a dditional information 

as may be required by specifications for particular  item being 

furnished. In addition, catalogs shall be marked to  indicate specific 

items submitted for approval. 

1. A copy of letter must be enclosed with items, an d any items received 

without identification letter will be considered "u nclaimed goods" 

and held for a limited time only. 

 

 

2. Each sample, certificate, manufacturers' literat ure and data shall be 

labeled to indicate the name and location of the Me dical Center, name 

of Contractor, manufacturer, brand, contract number  and ASTM or 

Federal Specification Number as applicable and loca tion(s) on 

project. 



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

01 33 23 - 3 

3. Required certificates shall be signed by an auth orized representative 

of manufacturer or supplier of material, and by Con tractor.  

C. In addition to complying with the applicable req uirements specified in 

preceding Article 1.9, samples which are required t o have Laboratory 

Tests (those preceded by symbol "LT" under the sepa rate sections of the 

specification shall be tested, at the expense of Co ntractor, in a 

commercial laboratory approved by Contracting Offic er. 

1. Laboratory shall furnish Contracting Officer wit h a certificate 

stating that it is fully equipped and qualified to perform intended 

work, is fully acquainted with specification requir ements and 

intended use of materials and is an independent est ablishment in no 

way connected with organization of Contractor or wi th manufacturer or 

supplier of materials to be tested. 

2. Certificates shall also set forth a list of comp arable projects upon 

which laboratory has performed similar functions du ring past five 

years. 

3. Samples and laboratory tests shall be sent direc tly to approved 

commercial testing laboratory. 

4. Contractor shall send a copy of transmittal lett er to the Resident 

Engineer with submission of material to a commercia l testing 

laboratory. 

5. Laboratory test reports shall be sent directly t o Resident Engineer 

for appropriate action. 

6. Laboratory reports shall list contract specifica tion test 

requirements and a comparative list of the laborato ry test results. 

When tests show that the material meets specificati on requirements, 

the laboratory shall so certify on test report. 

7. Laboratory test reports shall also include a rec ommendation for 

approval or disapproval of tested item. 

D. If submittal samples have been disapproved, resu bmit new samples as soon 

as possible after notification of disapproval. Such  new samples shall be 

marked "Resubmitted Sample" in addition to containi ng other previously 

specified information required on label and in tran smittal letter. 

E. Approved samples will be kept on file by the Res ident Engineer at the 

site until completion of contract, at which time su ch samples will be 

delivered to Contractor as Contractor's property. W here noted in 

technical sections of specifications, approved samp les in good condition 

may be used in their proper locations in contract w ork. At completion of 
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contract, samples that are not approved will be ret urned to Contractor 

only upon request and at Contractor's expense. Such  request should be 

made prior to completion of the contract. Disapprov ed samples that are 

not requested for return by Contractor will be disc arded after 

completion of contract. 

F. Submittal drawings (shop, erection or setting dr awings) and schedules, 

required for work of various trades, shall be check ed before submission 

by technically qualified employees of Contractor fo r accuracy, 

completeness and compliance with contract requireme nts. These drawings 

and schedules shall be stamped and signed by Contra ctor certifying to 

such check. 

1. For each drawing required, submit one legible ph otographic paper or 

vellum reproducible. 

2. Reproducible shall be full size. 

3. Each drawing shall have marked thereon, proper d escriptive title, 

including Medical Center location, project number, manufacturer's 

number, reference to contract drawing number, detai l Section Number, 

and Specification Section Number. 

4. A space 120 mm by 125 mm (4-3/4 by 5 inches) sha ll be reserved on 

each drawing to accommodate approval or disapproval  stamp. 

5. Submit drawings, ROLLED WITHIN A MAILING TUBE, f ully protected for 

shipment. 

6. One reproducible print of approved or disapprove d shop drawings will 

be forwarded to Contractor. 

7. When work is directly related and involves more than one trade, shop 

drawings shall be submitted to Resident Engineer un der one cover. 

1-10. Samples, shop drawings, test reports, certifi cates and manufacturers' 

literature and data, shall be submitted for approva l to Project 

Engineer. 

- - - E N D - - - 
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SECTION 01 45 29 
TESTING LABORATORY SERVICES 

 
 

PART 1 - GENERAL 

1.1 DESCRIPTION: 

 This section specifies materials testing activitie s and inspection 

services required during project construction to be  provided by a 

Testing Laboratory retained and paid for by Contrac tor. 

1.2 APPLICABLE PUBLICATIONS: 

A. The publications listed below form a part of thi s specification to the 

extent referenced. The publications are referred to  in the text by the 

basic designation only. 

B. American Concrete Institute (ACI): 

117R-06.................Tolerances for Concrete Con struction and 

Materials 

211.1-91(R2002).........Proportions for Normal, Hea vyweight, and Mass 

Concrete 

301-05..................Specification for Structura l Concrete  

305R-06.................Hot Weather Concreting  

306R-2002...............Cold Weather Concreting 

SP-66-04 ...............ACI Detailing Manual  

318/318R-05.............Building Code Requirements for Reinforced 

Concrete  

347R-04.................Guide to Formwork for Concr ete 

C. American Society for Testing and Materials (ASTM ): 

A615/A615M-08...........Deformed and Plain Billet-S teel Bars for 

Concrete Reinforcement 

C31/C31M-06.............Making and Curing Concrete Test Specimens in the 

Field 

C33-03..................Concrete Aggregates 

C39/C39M-05.............Compressive Strength of Cyl indrical Concrete 

Specimens 

C94/C94M-09.............Ready-Mixed Concrete  

C143/C143M-05...........Slump of Hydraulic Cement C oncrete 

C150-07.................Portland Cement  

C171-07.................Sheet Material for Curing C oncrete  

C172-07.................Sampling Freshly Mixed Conc rete 
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C173-07.................Air Content of freshly Mixe d Concrete by the 

Volumetric Method 

C192/C192M-07...........Making and Curing Concrete Test Specimens in the 

Laboratory  

C231-08.................Air Content of Freshly Mixe d Concrete by the 

Pressure Method  

C260-06.................Air-Entraining Admixtures f or Concrete  

C494/C494M-08...........Chemical Admixtures for Con crete  

C618-08.................Coal Fly Ash and Raw or Cal cined Natural 

Pozzolan for Use in Concrete 

C1064/C1064M-05.........Freshly Mixed Portland Ceme nt Concrete 

C1077-06................Laboratories Testing Concre te and Concrete 

Aggregates for Use in Construction and Criteria 

for Laboratory Evaluation 

D1557-07................Laboratory Compaction Chara cteristics of Soil 

Using Modified Effort 

D2166-06................Unconfined Compressive Stre ngth of Cohesive Soil 

D2487-06................Standard Classification of Soil for Engineering 

Purposes (Unified Soil Classification System) 

1.3 REQUIREMENTS: 

A. Accreditation Requirements: Construction materia ls testing laboratories 

must be accredited by a laboratory accreditation au thority and will be 

required to submit a copy of the Certificate of Acc reditation and Scope 

of Accreditation. The laboratory’s scope of accredi tation must include 

the appropriate ASTM standards (i.e.; E 329, C 1077 , D 3666, D3740, A 

880, E 543) listed in the technical sections of the  specifications.  

 Laboratories engaged in Hazardous Materials Testin g shall meet the 

requirements of OSHA and EPA. The policy applies to  the specific 

laboratory performing the actual testing, not just the “Corporate 

Office.” 

B. Inspection and Testing: Testing laboratory shall  inspect materials and 

workmanship and perform tests described herein and additional tests 

requested by Resident Engineer. When it appears mat erials furnished, or 

work performed by Contractor fail to meet construct ion contract 

requirements, Testing Laboratory shall direct atten tion of Resident 

Engineer to such failure. 

C. Written Reports: Testing laboratory shall submit  test reports to 

Resident Engineer, Contractor, unless other arrange ments are agreed to 
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in writing by the Resident Engineer. Submit reports  of tests that fail 

to meet construction contract requirements on color ed paper. 

D. Verbal Reports: Give verbal notification to Resi dent Engineer 

immediately of any irregularity. 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION 

3.1 EARTHWORK: 

A. General: The Testing Laboratory shall provide qu alified personnel, 

materials, equipment, and transportation as require d to perform the 

services identified/required herein, within the agr eed to schedule 

and/or time frame. The work to be performed shall b e as identified 

herein and shall include but not be limited to the following: 

1. Observe fill and subgrades during proof-rolling to evaluate 

suitability of surface material to receive fill or base course. 

Provide recommendations to the Resident Engineer re garding 

suitability or unsuitability of areas where proof-r olling was 

observed. Where unsuitable results are observed, wi tness excavation 

of unsuitable material and recommend to Resident En gineer extent of 

removal and replacement of unsuitable materials and  observe proof-

rolling of replaced areas until satisfactory result s are obtained. 

2. Provide part time observation of fill placement and compaction and 

field density testing in pavement and lawn areas to  verify that 

earthwork compaction obtained is in accordance with  contract 

documents. 

3. Provide supervised geotechnical technician to in spect excavation, 

subsurface preparation, and backfill for structural  fill. 

B. Testing Compaction: 

1. Determine maximum density and optimum moisture c ontent for each type 

of fill, backfill and subgrade material used, in co mpliance with ASTM 

D1557. 

2. Make field density tests in accordance with the primary testing 

method following ASTM D2922 wherever possible.  

c. Pavement Subgrade: One test for each 335 m 2 (400 square yards), 

but in no case fewer than two tests. 

d. Curb, Gutter, and Sidewalk: One test for each 90  m (300 feet), but 

in no case fewer than two tests. 
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e. Trenches: One test at maximum 30 m (100 foot) in tervals per 1200 

mm (4 foot) of vertical lift and at changes in requ ired density, 

but in no case fewer than two tests. 

C. Testing Materials: Test suitability of on-site a nd off-site borrow as 

directed by Resident Engineer. 

3.2 SITE WORK CONCRETE: 

 Test site work concrete including materials for co ncrete as required in 

Article CONCRETE of this section. 

3.3 CONCRETE: 

A. Field Inspection and Materials Testing: 

1. Provide a technician at site of placement to per form concrete 

sampling and testing. 

2. Review the delivery tickets of the ready-mix con crete trucks arriving 

on-site. Notify the Contractor if the concrete cann ot be placed 

within the specified time limits or if the type of concrete delivered 

is incorrect. Reject any loads that do not comply w ith the 

Specification requirements. Rejected loads are to b e removed from the 

site at the Contractor’s expense. Any rejected conc rete that is 

placed will be subject to removal. 

3. Take concrete samples at point of placement in a ccordance with ASTM 

C172. Mold and cure compression test cylinders in a ccordance with 

ASTM C31. Make at least three cylinders for each 40  m3 (50 cubic 

yards) or less of each concrete type, and at least three cylinders 

for any one day's pour for each concrete type. Labe l each cylinder 

with an identification number. Resident Engineer ma y require 

additional cylinders to be molded and cured under j ob conditions. 

4. Perform slump tests in accordance with ASTM C143 . Test the first 

truck each day, and every time test cylinders are m ade.  

5. Determine the air content of concrete per ASTM C 173. For concrete 

required to be air-entrained, test the first truck and every 20 m 3 

(25 cubic yards) thereafter each day.  

6. If slump or air content fall outside specified l imits, make another 

test immediately from another portion of same batch . 

7. Notify laboratory technician at batch plant of m ix irregularities and 

request materials and proportioning check. 

8. Verify that specified mixing has been accomplish ed. 
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 9. Environmental Conditions: Determine the tempera ture per ASTM C1064 

for each truckload of concrete during hot weather a nd cold weather 

concreting operations: 

a. When ambient air temperature falls below 4.4 deg rees C (40 degrees 

F), record maximum and minimum air temperatures in each 24 hour 

period; record air temperature inside protective en closure; record 

minimum temperature of surface of hardened concrete . 

b. When ambient air temperature rises above 29.4 de grees C (85 

degrees F), record maximum and minimum air temperat ure in each 24 

hour period; record minimum relative humidity; reco rd maximum wind 

velocity; record maximum temperature of surface of hardened 

concrete. 

10. Inspect the reinforcing steel placement, includ ing bar size, bar 

spacing, top and bottom concrete cover, proper tie into the chairs, 

and grade of steel prior to concrete placement.  

11. Observe conveying, placement, and consolidation  of concrete for 

conformance to specifications. 

12. Observe condition of formed surfaces upon remov al of formwork prior 

to repair of surface defects and observe repair of surface defects. 

13. Observe curing procedures for conformance with specifications. 

14. Observe preparations for protection from hot we ather, cold weather, 

sun, and rain, and preparations for curing. 

15. Observe concrete mixing: 

a. Monitor and record amount of water added at proj ect site. 

C. Laboratory Tests of Field Samples: 

1. Test compression test cylinders for strength in accordance with ASTM 

C39. For each test series, test one cylinder at 7 d ays and one 

cylinder at 28 days. Use remaining cylinder as a sp are tested as 

directed by Resident Engineer. Compile laboratory t est reports as 

follows: Compressive strength test shall be result of one cylinder, 

except when one cylinder shows evidence of improper  sampling, molding 

or testing, in which case it shall be discarded and  strength of spare 

cylinder shall be used. 

2. Furnish certified compression test reports (dupl icate) to Resident 

Engineer. In test report, indicate the following in formation: 

a. Cylinder identification number and date cast. 

b. Specific location at which test samples were tak en. 

c. Type of concrete, slump, and percent air. 
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d. Compressive strength of concrete in MPa (psi). 

e. Date delivered to laboratory and date tested. 

 
- - - E N D - - - 
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SECTION 01 74 19 
CONSTRUCTION WASTE MANAGEMENT 

PART 1 – GENERAL 

1.1 DESCRIPTION 

A. This section specifies the requirements for the management of non-

hazardous building construction and demolition wast e. 

B. Waste disposal in landfills shall be minimized t o the greatest extent 

possible. Of the inevitable waste that is generated , as much of the 

waste material as economically feasible shall be sa lvaged, recycled or 

reused. 

C. Contractor shall use all reasonable means to div ert construction and 

demolition waste from landfills and incinerators, a nd facilitate their 

salvage and recycle not limited to the following: 

1. Waste Management Plan development and implementa tion. 

2. Techniques to minimize waste generation. 

3. Sorting and separating of waste materials. 

4. Salvage of existing materials and items for reus e or resale. 

5. Recycling of materials that cannot be reused or sold. 

D. At a minimum the following waste categories shal l be diverted from 

landfills: 

1. Soil. 

2. Inerts (eg, concrete, masonry and asphalt). 

3. Clean dimensional wood and palette wood. 

4. Green waste (biodegradable landscaping materials ). 

5. Engineered wood products (plywood, particle boar d and I-joists, 

etc). 

6. Metal products (eg, steel, wire, beverage contai ners, copper, etc). 

7. Cardboard, paper and packaging. 

8. Bitumen roofing materials. 

9. Plastics (eg, ABS, PVC). 

10. Carpet and/or pad. 

11. Gypsum board. 

12. Insulation. 

13. Paint. 

14. Fluorescent lamps. 
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1.2 RELATED WORK 

A. Section 02 41 00, DEMOLITION. 

B. Section 01 00 00, GENERAL REQUIREMENTS. 

C. Lead Paint: Section 02 83 33.13, LEAD BASED PAIN T REMOVAL AND DISPOSAL. 

1.3 QUALITY ASSURANCE  

A. Contractor shall practice efficient waste manage ment when sizing, 

cutting and installing building products. Processes  shall be employed 

to ensure the generation of as little waste as poss ible. Construction 

Demolition waste includes products of the following : 

1. Excess or unusable construction materials. 

2. Packaging used for construction products. 

3. Poor planning and/or layout. 

4. Construction error. 

5. Over ordering. 

6. Weather damage. 

7. Contamination. 

8. Mishandling. 

9. Breakage. 

B. Establish and maintain the management of non-haz ardous building 

construction and demolition waste set forth herein.  Conduct a site 

assessment to estimate the types of materials that will be generated by 

demolition and construction. 

C. Contractor shall develop and implement procedure s to recycle 

construction and demolition waste to a minimum of 5 0 percent. 

D. Contractor shall be responsible for implementati on of any special 

programs involving rebates or similar incentives re lated to recycling. 

Any revenues or savings obtained from salvage or re cycling shall accrue 

to the contractor. 

E. Contractor shall provide all demolition, removal  and legal disposal of 

materials. Contractor shall ensure that facilities used for recycling, 

reuse and disposal shall be permitted for the inten ded use to the 

extent required by local, state, federal regulation s. The Whole 

Building Design Guide website http://www.cwm.wbdg.org  provides a 

Construction Waste Management Database that contain s information on 
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companies that haul, collect, and process recyclabl e debris from 

construction projects. 

F. Contractor shall assign a specific area to facil itate separation of 

materials for reuse, salvage, recycling, and return . Such areas are to 

be kept neat and clean and clearly marked in order to avoid 

contamination or mixing of materials. 

G. Contractor shall provide on-site instructions an d supervision of 

separation, handling, salvaging, recycling, reuse a nd return methods to 

be used by all parties during waste generating stag es. 

H. Record on daily reports any problems in complyin g with laws, 

regulations and ordinances with corrective action t aken. 

1.4 TERMINOLOGY  

A. Class III Landfill: A landfill that accepts non- hazardous resources 

such as household, commercial and industrial waste resulting from 

construction, remodeling, repair and demolition ope rations.  

B. Clean:  Untreated and unpainted; uncontaminated with adhesives, oils, 

solvents, mastics and like products. 

C. Construction and Demolition Waste: Includes all non-hazardous resources 

resulting from construction, remodeling, alteration s, repair and 

demolition operations. 

D. Dismantle: The process of parting out a building  in such a way as to 

preserve the usefulness of its materials and compon ents. 

E. Disposal: Acceptance of solid wastes at a legall y operating facility 

for the purpose of land filling (includes Class III  landfills and inert 

fills). 

F. Inert Backfill Site: A location, other than iner t fill or other 

disposal facility, to which inert materials are tak en for the purpose 

of filling an excavation, shoring or other soil eng ineering operation. 

G. Inert Fill: A facility that can legally accept i nert waste, such as 

asphalt and concrete exclusively for the purpose of  disposal. 

H. Inert Solids/Inert Waste: Non-liquid solid resou rces including, but not 

limited to, soil and concrete that does not contain  hazardous waste or 

soluble pollutants at concentrations in excess of w ater-quality 

objectives established by a regional water board, a nd does not contain 

significant quantities of decomposable solid resour ces. 
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I. Mixed Debris: Loads that include commingled recy clable and non-

recyclable materials generated at the construction site. 

J. Mixed Debris Recycling Facility: A solid resourc e processing facility 

that accepts loads of mixed construction and demoli tion debris for the 

purpose of recovering re-usable and recyclable mate rials and disposing 

non-recyclable materials. 

K. Permitted Waste Hauler: A company that holds a v alid permit to collect 

and transport solid wastes from individuals or busi nesses for the 

purpose of recycling or disposal. 

L. Recycling: The process of sorting, cleansing, tr eating, and 

reconstituting materials for the purpose of using t he altered form in 

the manufacture of a new product. Recycling does no t include burning, 

incinerating or thermally destroying solid waste. 

1. On-site Recycling – Materials that are sorted an d processed on site 

for use in an altered state in the work, i.e. concr ete crushed for 

use as a sub-base in paving. 

2. Off-site Recycling – Materials hauled to a locat ion and used in an 

altered form in the manufacture of new products. 

M. Recycling Facility: An operation that can legall y accept materials for 

the purpose of processing the materials into an alt ered form for the 

manufacture of new products. Depending on the types  of materials 

accepted and operating procedures, a recycling faci lity may or may not 

be required to have a solid waste facilities permit  or be regulated by 

the local enforcement agency. 

N. Reuse: Materials that are recovered for use in t he same form, on-site 

or off-site. 

O. Return: To give back reusable items or unused pr oducts to vendors for 

credit. 

P. Salvage: To remove waste materials from the site  for resale or re-use 

by a third party. 

Q. Source-Separated Materials: Materials that are s orted by type at the 

site for the purpose of reuse and recycling. 

R. Solid Waste:  Materials that have been designate d as non-recyclable and 

are discarded for the purposes of disposal. 
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S. Transfer Station: A facility that can legally ac cept solid waste for 

the purpose of temporarily storing the materials fo r re-loading onto 

other trucks and transporting them to a landfill fo r disposal, or 

recovering some materials for re-use or recycling. 

1.5 SUBMITTALS  

A. In accordance with Section 01 33 23, SHOP DRAWIN GS, PRODUCT DATA, and 

SAMPLES, furnish the following: 

B. Prepare and submit to the Resident Engineer a wr itten demolition debris 

management plan. The plan shall include, but not be  limited to, the 

following information: 

1. Procedures to be used for debris management. 

2. Techniques to be used to minimize waste generati on. 

3. Analysis of the estimated job site waste to be g enerated: 

a. List of each material and quantity to be salvage d, reused, 

recycled. 

b. List of each material and quantity proposed to b e taken to a 

landfill. 

4. Detailed description of the Means/Methods to be used for material 

handling.  

a. On site: Material separation, storage, protectio n where 

applicable. 

b. Off site: Transportation means and destination. Include list of 

materials. 

1) Description of materials to be site-separated an d self-hauled 

to designated facilities. 

2) Description of mixed materials to be collected b y designated 

waste haulers and removed from the site. 

c. The names and locations of mixed debris reuse an d recycling 

facilities or sites. 

d. The names and locations of trash disposal landfi ll facilities or 

sites. 

e. Documentation that the facilities or sites are a pproved to 

receive the materials. 
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C. Designated Manager responsible for instructing p ersonnel, supervising, 

documenting and administer over meetings relevant t o the Waste 

Management Plan. 

D. Monthly summary of construction and demolition d ebris diversion and 

disposal, quantifying all materials generated at th e work site and 

disposed of or diverted from disposal through recyc ling. 

1.6 APPLICABLE PUBLICATIONS 

A Publications listed below form a part of this spe cification to the 

extent referenced. Publications are referenced by t he basic designation 

only. In the event that criteria requirements confl ict, the most 

stringent requirements shall be met. 

B. U.S. Green Building Council (USGBC): 

LEED Green Building Rating System for New Construct ion 

1.7 RECORDS 

A. Maintain records to document the quantity of was te generated; the 

quantity of waste diverted through sale, reuse, or recycling; and the 

quantity of waste disposed by landfill or incinerat ion. Records shall 

be kept in accordance with the LEED Reference Guide  and LEED Template.  

PART 2 - PRODUCTS  

2.1 MATERIALS 

A. List of each material and quantity to be salvage d, recycled, reused. 

B. List of each material and quantity proposed to b e taken to a landfill. 

C. Material tracking data:  Receiving parties, date s removed, 

transportation costs, weight tickets, tipping fees,  manifests, 

invoices, net total costs or savings. 

PART 3 - EXECUTION 

3.1 COLLECTION 

A. Provide all necessary containers, bins and stora ge areas to facilitate 

effective waste management. 

B. Clearly identify containers, bins and storage ar eas so that recyclable 

materials are separated from trash and can be trans ported to respective 

recycling facility for processing. 

C. Hazardous wastes shall be separated, stored, dis posed of according to 

local, state, federal regulations. 
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3.2 DISPOSAL  

A. Contractor shall be responsible for transporting  and disposing of 

materials that cannot be delivered to a source-sepa rated or mixed 

materials recycling facility to a transfer station or disposal facility 

that can accept the materials in accordance with st ate and federal 

regulations. 

B. Construction or demolition materials with no pra ctical reuse or that 

cannot be salvaged or recycled shall be disposed of  at a landfill or 

incinerator. 

3.3 REPORT  

A. With each application for progress payment, subm it a summary of 

construction and demolition debris diversion and di sposal including 

beginning and ending dates of period covered. 

B. Quantify all materials diverted from landfill di sposal through salvage 

or recycling during the period with the receiving p arties, dates 

removed, transportation costs, weight tickets, mani fests, invoices. 

Include the net total costs or savings for each sal vaged or recycled 

material. 

C. Quantify all materials disposed of during the pe riod with the receiving 

parties, dates removed, transportation costs, weigh t tickets, tipping 

fees, manifests, invoices. Include the net total co sts for each 

disposal. 

- - - E N D - - - 
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SECTION 03 30 00 
CAST-IN-PLACE CONCRETE 

 
 

PART 1 - GENERAL 

1.1 DESCRIPTION: 

A. This section specifies cast-in-place structural concrete, including 

formwork, reinforcement, concrete materials, mixtur e design, placement 

procedures and finishes for footings, foundations w alls and slabs-on-

grade. 

1.2 RELATED WORK: 

A. Materials testing and inspection during construc tion: Section 01 45 29, 

TESTING LABORATORY SERVICES. 

1.3 TESTING AGENCY FOR CONCRETE MIX DESIGN: 

A. Contractor to engage testing agency to perform m aterial evaluation tests 

and to design concrete mixtures with approval  by R esident Engineer. For 

all other testing, refer to Section 01 45 29 Testin g Laboratory 

Services. 

B. Testing agency shall furnish equipment and quali fied technicians to 

establish proportions of ingredients for concrete m ixes. 

1.4 TOLERANCES: 

A. Formwork: ACI 117, except the elevation toleranc e of formed surfaces 

before removal of shores is +0 mm (+0 inch) and -20  mm (-3/4 inch). 

B. Reinforcement Fabricating and Placing: ACI 117, except that fabrication 

tolerance for bar sizes Nos. 10, 13, and 16 (Nos. 3 , 4, and 5) 

(Tolerance Symbol 1 in Fig. 2.1(a), ACI, 117) used as column ties or 

stirrups is +0 mm (+0 inch) and -13 mm (-1/2 inch) where gross bar 

length is less than 3600 mm (12 feet), or +0 mm (+0  inch) and -20 mm (-

3/4 inch) where gross bar length is 3600 mm (12 fee t) or more. 

C. Cross-Sectional Dimension: ACI 117, except toler ance for thickness of 

slabs 12 inches or less is +20 mm (+3/4 inch) and -  6 mm (-1/4 inch). 

Tolerance of thickness of beams more than 300 mm (1 2 inch) but less than 

900 mm (3 feet) is +20 mm (+3/4 inch) and -10 mm (- 3/8 inch). 

D. Slab Finishes: ACI 117, Section 4.5.6, F-number method in accordance 

with ASTM E1155, except as follows: 

1. Test entire slab surface, including those areas within 600 mm (2 

feet) of construction joints and vertical elements that project 

through slab surface. 
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2. Maximum elevation change which may occur within 600 mm (2 feet) of 

any column or wall element is 6 mm (0.25 inches). 

3. Allow sample measurement lines that are perpendi cular to construction 

joints to extend past joint into previous placement  no further than 

1500 mm (5 feet). 

1.5 REGULATORY REQUIREMENTS: 

A. ACI SP-66 – ACI Detailing Manual. 

B. ACI 318 - Building Code Requirements for Reinfor ced Concrete. 

C. ACI 301 – Standard Specifications for Structural  Concrete, Sections 1 

through 5. 

D. ACI 117 - Specifications for Tolerances for Conc rete Construction and 

Materials. 

1.6 SUBMITTALS: 

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT DATA, 

and SAMPLES. 

B. Design Mixtures: For each concrete mixture. Aubm it alternate design 

mixtures when characteristics of materials, Project  conditions, weather, 

test results, or other circumstances warrant adjust ments. 

 1. Indicate amounts of mixing water to be withheld  for later addition at 

Project site. 

C. Steel Reinforcement Shop Drawings: Placing drawi ngs that detail 

fabrication, bending, and placement. Include bar si zes, lengths, 

material, grade, bar schedules, stirrup spacing, be nt bar diagrams, bar 

arrangement, splices and laps, mechanical connectio ns, tie spacing, hoop 

spacing, and supports for concrete reinforcement.  

D. Manufacturer's Certificates: 

1. Abrasive aggregate. 

2. Air-entraining admixture. 

3. Chemical admixtures, including chloride ion cont ent. 

4. Liquid membrane-forming compounds for curing con crete. 

E. Testing Agency for Concrete Mix Design: Approval  request including 

qualifications of principals and technicians and ev idence of active 

participation in program of Cement and Concrete Ref erence Laboratory 

(CCRL) of National Institute of Standards and Techn ology.  

F. Floor surface flatness and levelness measurement s indicating compliance 

with specified tolerances. 
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1.7 DELIVERY, STORAGE, AND HANDLING: 

A. Conform to ACI 304. Store aggregate separately f or each kind or grade, 

to prevent segregation of sizes and avoid inclusion  of dirt and other 

materials. 

B. Deliver cement in original sealed containers bea ring name of brand and 

manufacturer, and marked with net weight of content s. Store in suitable 

watertight building in which floor is raised at lea st 300 mm (1 foot) 

above ground. Store bulk cement and fly ash in sepa rate suitable bins. 

C. Steel Reinforcement: Deliver, store, and handle steel reinforcement to 

prevent bending and damage. 

D. Deliver other packaged materials for use in conc rete in original sealed 

containers, plainly marked with manufacturer's name  and brand, and 

protect from damage until used. 

 
1.8 APPLICABLE PUBLICATIONS: 

A. Publications listed below form a part of this sp ecification to extent 

referenced. Publications are referenced in text by basic designation 

only. 

B. American Concrete Institute (ACI): 

117-10..................Specifications for Toleranc es for Concrete 

Construction and Materials and Commentary 

211.1-91(R2009).........Standard Practice for Selec ting Proportions for 

Normal, Heavyweight, and Mass Concrete 

214R-11.................Guide to Evaluation of Stre ngth Test Results of 

Concrete 

301-10..................Standard Practice for Struc tural Concrete  

304R-00(R2009)..........Guide for Measuring, Mixing , Transporting, and 

Placing Concrete 

305.1-06................Specification for Hot Weath er Concreting 

306.1-90(R2002).........Standard Specification for Cold Weather 

Concreting 

308.1-11................Specification for Curing Co ncrete 

309R-05.................Guide for Consolidation of Concrete 

318-11..................Building Code Requirements for Structural  

Concrete and Commentary 

347-04..................Guide to Formwork for Concr ete 

SP-66-04................ACI Detailing Manual 
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C. American National Standards Institute and Americ an Hardboard Association 

(ANSI/AHA): 

A135.4-2004.............Basic Hardboard 

D. American Society for Testing and Materials (ASTM ): 

A82/A82M-07.............Standard Specification for Steel Wire, Plain, 

for Concrete Reinforcement 

A185/185M-07............Standard Specification for Steel Welded Wire 

Reinforcement, Plain, for Concrete 

A615/A615M-09...........Standard Specification for Deformed and Plain 

Carbon Steel Bars for Concrete Reinforcement 

C31/C31M-10.............Standard Practice for Makin g and Curing Concrete 

Test Specimens in the field 

C33/C33M-11A............Standard Specification for Concrete Aggregates 

C39/C39M-12.............Standard Test Method for Co mpressive Strength of 

Cylindrical Concrete Specimens 

C94/C94M-12.............Standard Specification for Ready Mixed Concrete 

C143/C143M-10...........Standard Test Method for Sl ump of Hydraulic 

Cement Concrete 

C150-11.................Standard Specification for Portland Cement  

C171-07.................Standard Specification for Sheet Materials for 

Curing Concrete 

C172-10.................Standard Practice for Sampl ing Freshly Mixed 

Concrete 

C192/C192M-07...........Standard Practice for Makin g and Curing Concrete 

Test Specimens in the Laboratory 

C231-10.................Standard Test Method for Ai r Content of Freshly 

Mixed Concrete by the Pressure Method 

C260-10.................Standard Specification for Air Entraining 

Admixtures for Concrete 

C309-11.................Standard Specification for Liquid Membrane 

Forming Compounds for Curing Concrete 

C494/C494M-11...........Standard Specification for Chemical Admixtures 

for Concrete 

C618-12.................Standard Specification for Coal Fly Ash and Raw 

or Calcined Natural Pozzolan for Use in Concrete 

 

D1751-04(R2008).........Standard Specification for Preformed Expansion 

Joint Filler for Concrete Paving and Structural 
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Construction (Non-extruding and Resilient 

Bituminous Types) 

D4397-10................Standard Specification for Polyethylene Sheeting 

for Construction, Industrial and Agricultural 

Applications 

E1155-96(R2008).........Standard Test Method for De termining F F Floor 

Flatness and F L Floor Levelness Numbers 

E. American Welding Society (AWS): 

D1.4/D1.4M-11...........Structural Welding Code - R einforcing Steel 

F. Concrete Reinforcing Steel Institute (CRSI): 

Handbook 2008 

G. U. S. Department of Commerce Product Standard (P S): 

PS 1....................Construction and Industrial  Plywood 

PART 2 – PRODUCTS: 

2.1 FORMS: 

A. Smooth-Formed Finished Concrete: Form-facing pan els that will provide 

continuous, true and smooth concrete surfaces. Furn ish in largest 

practicable sizes to minimize number of joints. 

1.  Plywood: PS-1 Exterior Grade B-B (concrete-form) 16  mm (5/8 inch), or 

20 mm (3/4 inch) thick for unlined contact form. B- B High Density 

Concrete Form Overlay optional. 

B. Rough-Formed Finished Concrete: Plywood, lumber,  metal or another 

approved material. Provide lumber dressed on at lea st two edges and one 

side for tight fit. 

C. Form Lining: 

1. Hardboard: ANSI/AHA A135.4, Class 2 with one (S1 S) smooth side) 

2. Plywood: Grade B-B Exterior (concrete-form) not less than 6 mm (1/4 

inch) thick. 

3. Plastic, fiberglass, or elastomeric capable of r eproducing the 

desired pattern or texture. 

D. Chamfer Strips: Wood, metal, PVC or rubber strip s, ¾ by ¾ inch (19 by 19 

mm), minimum. 

E. Form-Release Agent: Commercially formulated form -release agent that will 

not bond with, stain or adversely affect concrete s urface and will 

impair subsequent treatments of concrete surfaces. 

1. Formulate form-release agent with rust inhibitor  for steel form-

facing material. 



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

03 30 00 - 6 

F. Form Ties: Develop a minimum working strength of  13.35 kN (3000 pounds) 

when fully assembled. Ties shall be adjustable in l ength to permit 

tightening of forms, designed to resist lateral pre ssure of fresh 

concrete, and not have any lugs, cones, washers to act as spreader 

within form, nor leave a hole larger than 20 mm (3/ 4 inch) diameter, or 

a depression in exposed concrete surface, or leave metal closer than 25 

mm (1 inch to concrete surface. Wire ties not permi tted. Cutting ties 

back from concrete face not permitted. 

2.2 MATERIALS: 

A. Portland Cement: ASTM C150 Type I or II. 

B. Fly Ash: ASTM C618, Class C or F including suppl ementary optional 

requirements relating to reactive aggregates and al kalies, and loss on 

ignition (LOI) not to exceed 5 percent. 

C. Normal Weight, Coarse Aggregate: ASTM C33, Class  3S. 

1. Maximum coarse aggregate size: 1 inch (25 mm) ma y be used for 

footings and walls over 300 mm (12 inches) thick. 

D. Fine Aggregate: ASTM C33. Fine aggregate, free o f materials with 

deleterious reactivity to alkali, for applied concr ete floor topping 

shall pass a 4.75 mm (No. 4) sieve, 10 percent maxi mum shall pass a 150 

µm (No. 100) sieve. 

E. Mixing Water: Fresh, clean, and potable; ASTM C 94. 

F. Admixtures: 

1. Chemical Admixtures: Provide admixtures certifie d by manufacturer to 

be compatible with other admixtures and that will n ot contribute 

water-soluble chloride ions exceeding those permitt ed in hardened 

concrete. Do not use calcium chloride or admixtures  containing 

calcium chloride. 

a. Water Reducing Admixture: ASTM C494, Type A and not contain more 

chloride ions than are present in municipal drinkin g water. 

b. Water Reducing, Retarding Admixture: ASTM C494, Type D and not 

contain more chloride ions than are present in muni cipal drinking 

water. 

c. High-Range Water-Reducing Admixture (Superplasti cizer): ASTM C494, 

Type F or G, and not contain more chloride ions tha n are present 

in municipal drinking water. 

d. Plasticizing and Retarding Admixture: ASTM C 101 7, Type II. 

2. Air Entraining Admixture: ASTM C260. 
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3. Prohibited Admixtures: Calcium chloride, thiocya nate or admixtures 

containing more than 0.05 percent chloride ions are  not permitted. 

4. Certification: Written conformance to the requir ements above and the 

chloride ion content of the admixture prior to mix design review. 

G. Sheet Vapor Barrier: Polyethylene sheet, ASTM D4 397, not less than 0.25 

mm (10 mil).  

H. Steel Reinforcement and Accessories 

 1. Reinforcing Bars: ASTM A615, deformed, grade 60 .  

 2. Plain-Steel Welded Wire Fabric: ASTM A185. 

 
3. Joint Dowel Bars: ASTM A615, Grade 60, plain-ste el bars, cut true to 

length with ends square and free of burrs. 

4. Supports, Spacers, and Chairs: Types which will hold reinforcement in 

position shown in accordance with requirements of A CI 318 except as 

specified.  

I. Expansion- and Isolation- Joint Filler: ASTM D17 51. 

J. Curing Materials :1. Evaporation Retarder: Water borne, monomolecular 

film forming, manufactured for application of fresh  concrete. 

1. Moisture-Retaining Cover: ASTM C171, polyethylen e film or white 

burlap-polyethylene sheet. 

2. Water: Potable. 

3. Clear, Waterbrone, Membrane-forming Compounds fo r Curing Concrete: 

ASTM C309, Type I, Class B, with fugitive dye, and shall meet the 

requirements of ASTM C1315.Compound shall be compat ible with 

scheduled surface treatment, such as paint and resi lient tile, and 

shall not discolor concrete surface. 

 
K. Bonding Agent: ASTM C 1059, Type II, non-redispe rsible, acrylic emulsion 

or styrene butadiene. 

L. Epoxy Bonding Adhesive: ASTM C881, two-component  epoxy resin, capable of 

humid curing and bonding to damp surfaces, of class  suitable for 

application temperature and of grade to suit requir ements, and as 

follows: 

1. Types I and II, non-load bearing and Types IV an d V, load bearing, 

for bonding hardened or freshly mixed concrete to h ardened concrete. 

2.3 CONCRETE MIXES: 

A.  Prepare design mixtures for each type and strength of concrete, 

proportioned on the basis of laboratory trail mixtu re or field test 

data, or both, according to ACI 301. 
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B.  Limit water-soluble, chloride-ion content in harden ed concrete to 0.15 

percent by weight of cement. 

C.  Admixtures: Use admixtures accordingly to manufactu rer’s written 

instructions. 

1.  Use water-reducing, high-range water-reducing or pl asticizing 

admixture in concrete, as required, for placement a nd workability. 

2.  Use water-reducing and retarding admixture when req uired by high 

temperatures, low humidity, or other adverse placem ent conditions. 

D.  Mix Designs: Proportioned in accordance with Sectio n 5.3, "Proportioning 

on the Basis of Field Experience and/or Trial Mixtu res" of ACI 318. 

1. If trial mixes are used, make a set of at least 6 cylinders in 

accordance with ASTM C192 for test purposes from ea ch trial mix; test 

three for compressive strength at 7 days and three at 28 days. 

2. Submit a report of results of each test series, include a detailed 

listing of the proportions of trial mix or mixes, i ncluding cement, 

fly ash, admixtures, weight of fine and coarse aggr egate per m 3 

(cubic yard) measured dry rodded and damp loose, sp ecific gravity, 

fineness modulus, percentage of moisture, air conte nt, water-cement 

ratio, and consistency of each cylinder in terms of  slump.  

3. Prepare a curve showing relationship between wat er-cement ratio at 

7-day and 28-day compressive strengths. Plot each c urve using at 

least three specimens.  

E. Fly Ash Testing: Submit certificate verifying co nformance with ASTM 618 

initially with mix design and for each truck load o f fly ash delivered 

from source. Submit test results performed within 6  months of submittal 

date.  Notify Resident Engineer immediately when ch ange in source is 

anticipated.  

F. After approval of mixes no substitution in mater ial or change in 

proportions of approval mixes may be made without a dditional tests and 

approval of Resident Engineer or as specified. Maki ng and testing of 

preliminary test cylinders may be carried on pendin g approval of cement 

, providing Contractor and manufacturer certify tha t ingredients used in 

making test cylinders are the same. Resident Engine er may allow 

Contractor to proceed with depositing concrete for certain portions of 

work, pending final approval of cement and approval  of design mix. 

G. Cement Factor: Maintain minimum cement factors i n Table I regardless of 

compressive strength developed above minimums. Use Fly Ash as an 

admixture with 20% replacement by weight in all str uctural work.  
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TABLE I - CEMENT AND WATER FACTORS FOR CONCRETE 

Concrete Strength Non-Air-
Entrained 

Air-Entrained 

Min. 28 Day 
Comp. Str. 

MPa (psi) 

Min. Cement 
kg/m 3 (lbs/c. 

yd) 

Max. Water 
Cement Ratio 

Min. Cement 

kg/m 3 
(lbs/c. yd) 

Max. Water  
Cement 
Ratio 

     

30 (4000) 1,3  280 (470) 0.45 290 (490) 0.4 

     

     

 

1. If trial mixes are used, the proposed mix design  shall achieve a 

compressive strength 8.3 MPa (1200 psi) in excess o f f'c. For 

concrete strengths above 35 Mpa (5000 psi), the pro posed mix design 

shall achieve a compressive strength 9.7 MPa (1400 psi) in excess of 

f’c. 

2. For concrete exposed to high sulfate content soi ls maximum water 

cement ratio is 0.44. 

3. Determined by Laboratory in accordance with ACI 211.1 for normal 

concrete. 

H. Maximum Slump: Maximum slump, as determined by A STM C143 with tolerances 

as established by ASTM C94, for concrete to be vibr ated shall be as 

shown in Table II. 

 
TABLE II - MAXIMUM SLUMP, MM (INCHES)* 

Type of Construction Normal Weight 
Concrete 

 

Reinforced Footings 
and Substructure 
Walls 

100mm (4 
inches) +/- 1 
inch 

 

Slabs, Beams, 
Reinforced Walls, and 
Building Columns 

100 mm (4 
inches) +/- 1 
inch 

 

 

I. Slump for footings and foundation walls may be i ncreased by the use of 

the approved high-range water-reducing admixture (s uperplasticizer). 

Tolerances as established by ASTM C94. Concrete con taining the high-

range-water-reducing admixture may have a maximum s lump of (8 inches). 

The concrete shall arrive at the job site at a slum p of 50 mm to 100 mm 

(2 inches to 4 inches). This should be verified, an d then the high-
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range-water-reducing admixture added to increase th e slump to the 

approved level. 

J. Air-Entrainment: Air-entrainment of normal weigh t concrete shall conform 

with Table III. Determine air content by either AST M C173 or ASTM C231. 

TABLE III - TOTAL AIR CONTENT 
FOR VARIOUS SIZES OF COARSE AGGREGATES (NORMAL CONCRETE) 

Nominal Maximum Size of 
Total Air Content  

Coarse Aggregate, mm (Inches) 
Percentage by Volume  

  

20 mm (3/4 in).4-1/2 to 
7-1/2  

25 mm (1 in).4-1/2 to 7-1/2  

40 mm (1 1/2 in).4 to 7  

 

 

K. Do not allow air content of trowel finished slab -on-grade floors to 

exceed 3 percent. 

L. Air-dry unit weight determined on 150 mm by 300 mm (6 inch by 12 inch) 

test cylinders after seven days standard moist curi ng followed by 21 

days drying at 23 degrees C ± 1.7  degrees C (73.4 ± 3 degrees 

Fahrenheit), and 50 (plus or minus 7) percent relat ive humidity. Use wet 

unit weight of fresh concrete as basis of control i n field. 

M. Concrete slabs placed at air temperatures below 10  degrees C (50 degrees 

Fahrenheit) use non-corrosive, non-chloride acceler ator. Concrete 

required to be air entrained use approved air entra ining admixture. 

Pumped concrete, synthetic fiber concrete, architec tural concrete, 

concrete required to be watertight, and concrete wi th a water/cement 

ratio below 0.50 use high-range water-reducing admi xture 

(superplasticizer). 

N. Durability: Use air entrainment for exterior exp osed concrete subjected 

to freezing and thawing and other concrete shown or  specified. For air 

content requirements see Table III. 

O. Enforcing Strength Requirements: Test as specifi ed in Section 01 45 29, 

TESTING LABORATORY SERVICES, during the progress of  the work. Seven-day 

tests may be used as indicators of 28-day strength.  Average of any three 

28-day consecutive strength tests of laboratory-cur ed specimens 

representing each type of concrete shall be equal t o or greater than 

specified strength. No single test shall be more th an 3.5 MPa (500 psi) 

below specified strength. Interpret field test resu lts in accordance 
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with ACI 214. Should strengths shown by test specim ens fall below 

required values, Resident Engineer may require any one or any 

combination of the following corrective actions, at  no additional cost 

to the Government: 

1. Require changes in mix proportions by selecting one of the other 

appropriate trial mixes or changing proportions, in cluding cement 

content, of approved trial mix. 

2. Require additional curing and protection. 

3. If five consecutive tests fall below 95 percent of minimum values 

given in Table I or if test results are so low as t o raise a question 

as to the safety of the structure, Resident Enginee r may direct 

Contractor to take cores from portions of the struc ture.  Use results 

from cores tested by the Contractor retained testin g agency to 

analyze structure. 

4. If strength of core drilled specimens falls belo w 85 percent of 

minimum value given in Table I, Resident Engineer m ay order load 

tests, made by Contractor retained testing agency, on portions of 

building so affected. Load tests in accordance with  ACI 318 and 

criteria of acceptability of concrete under test as  given therein. 

5. Concrete work, judged inadequate by structural a nalysis, by results 

of load test, or for any reason, shall be reinforce d with additional 

construction or replaced, if directed by the Reside nt Engineer. 

2.4 BATCHING AND MIXING: 

A. General: Concrete shall be "Ready-Mixed" and com ply with ACI 318 and 

ASTM C94, except as specified. Batch mixing at the site is permitted. 

Mixing process and equipment must be approved by Re sident Engineer. With 

each batch of concrete, furnish certified delivery tickets listing 

information in Paragraph 16.1 and 16.2 of ASTM C94.  Maximum delivery 

temperature of concrete is 38 0C (100 degrees Fahrenheit). Minimum 

delivery temperature as follows: 

Atmospheric Temperature Minimum Concrete Temperatur e 

-1. degrees to 4.4  degrees C  

(30 degrees to 40 degrees F) 

15.6  degrees C (60 degrees F.) 

-17  degrees C to -1.1  degrees C           
(0 degrees to 30 degrees F.) 

21 degrees C (70 degrees F.) 

 

B. When air temperature is between 85 and 90 deg F (30 and 32 deg C), 

reduce mixing and delivery time from 1-1/2 hours to  75 minutes; when air 
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temperature is above 90 deg F (32 deg C), reduce mi xing and delivery 

time to 60 minutes. 

PART 3 – EXECUTION 

3.1 FORMWORK: 

A. General: Design, erect, shore, brace and maintai n forwork in accordance 

with ACI 347 is the responsibility of the Contracto r. 1. Form boards 

and plywood forms may be reused for contact surface s of exposed concrete 

only if thoroughly cleaned, patched, and repaired a nd Resident Engineer 

approves their reuse. 

1. Provide forms for concrete footings unless Resid ent Engineer 

determines forms are not necessary. 

2. Corrugated fiberboard forms: Place forms on a sm ooth firm bed, set 

tight, with no buckled cartons to prevent horizonta l displacement, 

and in a dry condition when concrete is placed. 

3. Construct formwork so concrete members and struc tures are of size, 

shape, alignment, elevation, and position indicated , within tolerance 

limits of ACI 117. 

4. Limit concrete surface irregularities, designate d by ACI 347 as 

abrupt or gradual, as follows: 

 a. Class A, 1/8 inch for smooth-formed finished su rfaces. 

 b. Class B, 1/4 inch for rough-formed finished sur faces. 

5. Fabricate forms for easy removal without hammeri ng or prying against 

concrete surfaces. Provide crush or wrecking plates  where stripping 

may damage cast concrete surfaces. Provide top form s for inclined 

surfaces steeper than 1.5 horizontal to 1 vertical.  

 a. Do not use rust-stained steel form-facing mater ial. 

 

 

6. Set edge forms, bulkheads, and intermediate scre ed strips for slabs 

to achieve required elevations and slopes in finish ed concrete 

surfaces. Provide and secure units to support scree d strips; use 

strike-off templates or compacting-type screeds. 

7. Chamfer exterior corners and edges of permanentl y exposed concrete. 

B. Treating and Wetting: Treat or wet contact forms  as follows: 

1. Coat plywood and board forms with non-staining f orm sealer. In hot 

weather, cool forms by wetting with cool water just  before concrete 

is placed. 
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2. Clean and coat removable metal forms with form-r elease agent 

according to manufacturer’s written instructions be fore reinforcement 

is placed. In hot weather, cool metal forms by thor oughly wetting 

with water just before placing concrete. 

3. Use sealer on reused plywood forms as specified for new material. 

C. Size and Spacing of Studs: Size and space studs,  wales and other framing 

members for wall forms so as not to exceed safe wor king stress of kind 

of lumber used nor to develop deflection greater th an 1/270 of free span 

of member. 

D. Unlined Forms: Use plywood forms to obtain a smo oth finish for concrete 

surfaces. Tightly butt edges of sheets to prevent l eakage. Back up all 

vertical joints solidly and nail edges of adjacent sheets to same stud 

with 6d box nails spaced not over 150 mm (6 inches)  apart. 

E. Lined Forms: May be used in lieu of unlined plyw ood forms. Back up form 

lining solidly with square edge board lumber secure ly nailed to studs 

with all edges in close contact to prevent bulging of lining. No joints 

in lining and backing may coincide. Nail abutted ed ges of sheets to same 

backing board. Nail lining at not over 200 mm (8 in ches) on center along 

edges and with at least one nail to each square foo t of surface area; 

nails to be 3d blued shingle or similar nails with thin flatheads. 

F. Wall Form Ties: Locate wall form ties in symmetr ically level horizontal 

rows at each line of wales and in plumb vertical ti ers. Space ties to 

maintain true, plumb surfaces. Provide one row of t ies within 150 mm (6 

inches) above each construction joint. Space throug h-ties adjacent to 

horizontal and vertical construction joints not ove r 450 mm (18 inches) 

on center. 

 

1. Tighten row of ties at bottom of form just befor e placing concrete 

and, if necessary, during placing of concrete to pr event seepage of 

concrete and to obtain a clean line. Ties to be ent irely removed 

shall be loosened 24 hours after concrete is placed  and shall be 

pulled from least important face when removed. 

2. Coat surfaces of all metal that is to be removed  with paraffin, cup 

grease or a suitable compound to facilitate removal . 

G. Place and secure anchorage devises and other emb edded items required for 

adjoining work that is attached to or supported by cast-in-place 

concrete. Use setting drawings, templates, diagrams , instructions, and 

directions furnished with items to be embedded. 
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H. Inserts, Sleeves, and Similar Items: Flashing re glets, steel strips, 

masonry ties, anchors, wood blocks, nailing strips,  grounds, inserts, 

wire hangers, sleeves, drains, guard angles, forms for floor hinge 

boxes, and other items specified as furnished under  this and other 

sections of specifications and required to be in th eir final position at 

time concrete is placed shall be properly located, accurately 

positioned, and built into construction, and mainta ined securely in 

place. 

1. Install sleeves, inserts and similar items for e lectrical/mechanical 

services in accordance with drawings prepared speci ally for 

electrical/mechanical services.  Contractor is resp onsible for 

accuracy and completeness of drawings and shall coo rdinate 

requirements for mechanical services and equipment.  

2. Minimum clear distance of embedded items such as  conduit and pipe is 

at least three times diameter of conduit or pipe, e xcept at stub-ups 

and other similar locations. 

3. Provide recesses and blockouts in floor slabs fo r door closers and 

other hardware as necessary in accordance with manu facturer's 

instructions. 

I. Construction Tolerances: 

1. Set and maintain concrete formwork to assure ere ction of completed 

work within tolerances specified and to accommodate  installation of 

other rough and finish materials. Accomplish remedi al work necessary 

for correcting excessive tolerances. Erected work t hat exceeds 

specified tolerance limits shall be remedied or rem oved and replaced, 

at no additional cost to the Government. 

2. Permissible surface irregularities for various c lasses of materials 

are defined as "finishes" in specification sections  covering 

individual materials. They are to be distinguished from tolerances 

specified which are applicable to surface irregular ities of 

structural elements. 

3.2 PLACING REINFORCEMENT: 

A. General: Details of concrete reinforcement in ac cordance with CRSI’s 

“Manual of Standard Practice” and ACI 318 unless ot herwise shown. 

1. Do not cut or puncture vapor retarder. Repair da mage and reseal vapor 

retarder before placing concrete. 

B. Placing: Place reinforcement conforming to CRSI DA4, unless otherwise 

shown. 
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1. Place reinforcing bars accurately and tie secure ly at intersections 

and splices with 1.6 mm (16 gauge) black annealed w ire. Secure 

reinforcing bars against displacement during the pl acing of concrete 

by spacers, chairs, or other similar supports to ma intain minimum 

concrete cover. Do not tack weld crossing reinforci ng bars. Portions 

of supports, spacers, and chairs in contact with fo rmwork shall be 

made of plastic in areas that will be exposed when building is 

occupied. Type, number, and spacing of supports con form to ACI 318. 

Where concrete slabs are placed on ground, use conc rete blocks or 

other non-corrodible material of proper height, for  support of 

reinforcement. Use of brick or stone supports will not be permitted. 

2. Lap welded wire fabric at least 1 1/2 mesh panel s plus end extension 

of wires not less than 300 mm (12 inches) slabs.  L ace overlaps with 

wire.3. Set wire ties with ends directed into concr ete, not toward 

exposed concrete surfaces. 

C. Spacing: Minimum clear distances between paralle l bars, except in 

columns and multiple layers of bars in beams shall be equal to nominal 

diameter of bars. Minimum clear spacing is 25 mm (1  inch) or 1-1/3 times 

maximum size of coarse aggregate. 

D. Splicing: Splices of reinforcement made only as required or shown or 

specified. Accomplish splicing as follows: 

1. Lap splices: Do not use lap splices for bars lar ger than Number 36 

(Number 11). Minimum lengths of lap as shown. 

 

2. Welded splices: Splicing by butt-welding of rein forcement permitted 

providing the weld develops in tension at least 125  percent of the 

yield strength (fy) for the bars. Welding conform t o the requirements 

of AWS D1.4. Welded reinforcing steel conform to th e chemical 

analysis requirements of AWS D1.4. 

a. Submit test reports indicating the chemical anal ysis to establish 

weldability of reinforcing steel. 

b. Submit a field quality control procedure to insu re proper 

inspection, materials and welding procedure for wel ded splices. 

c. Department of Veterans Affairs retained testing agency shall test 

a minimum of three splices, for compliance, locatio ns selected by 

Resident Engineer. 

3. Mechanical Splices: Develop in tension and compr ession at least 125 

percent of the yield strength (fy) of the bars. Str esses of 
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transition splices between two reinforcing bar size s based on area of 

smaller bar. Provide mechanical splices at location s indicated. Use 

approved exothermic, tapered threaded coupling, or swaged and 

threaded sleeve. Exposed threads and swaging in the  field not 

permitted. 

a. Initial qualification: In the presence of Reside nt Engineer, make 

three test mechanical splices of each bar size prop osed to be 

spliced. Department of Veterans Affairs retained te sting 

laboratory will perform load test. 

b. During installation: Furnish, at no additional c ost to the 

Government, one companion (sister) splice for every  50 splices for 

load testing. Department of Veterans Affairs retain ed testing 

laboratory will perform the load test. 

E. Bending: Bend bars cold, unless otherwise approv ed. Do not field bend 

bars partially embedded in concrete, except when ap proved by Resident 

Engineer. 

F. Cleaning: Metal reinforcement, at time concrete is placed, shall be free 

from loose flaky rust and mill scale, mud, ice, oil , or similar coatings 

that will reduce bond to concrete. 

G. Future Bonding: Protect exposed reinforcement ba rs intended for bonding 

with future work by wrapping with felt and coating felt with a 

bituminous compound unless otherwise shown. 

3.3 VAPOR BARRIER: 

A. Place, protect, and repair sheet vapor retarder according to ASTM E 1643 

and manufacturer’s written instructions. Except whe re membrane 

waterproofing is required, interior concrete slab o n grade shall be 

placed on a continuous vapor barrier. 

1. Place 100 mm (4 inches) of fine granular fill ov er the vapor barrier 

to act as a blotter for concrete slab. 

2. Vapor barrier joints lapped 150 mm (6 inches) an d sealed with 

manufacturer’s compatible waterproof pressure-sensi tive tape. 

3. Patch punctures and tears. 

3.4 CONSTRUCTION JOINTS: 

A. Install so strength and appearance of concrete a re not impaired, at 

locations indicated or as approved by Resident Engi neer. Unless 

otherwise shown, location of construction joints to  limit individual 

placement shall not exceed 24,000 mm (80 feet) in a ny horizontal 

direction, except slabs on grade which shall have c onstruction joints 
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shown. Allow 48 hours to elapse between pouring adj acent sections unless 

this requirement is waived by Resident Engineer. 

1. Place joints perpendicular to main reinforcement . Continue 

reinforcement across construction joints unless oth erwise indicated. 

Do not continue reinforcement through sides of stri p placement of 

floors and slabs. 

2. Use a bonding agent at locations where fresh con crete is placed 

against hardened or partially hardened concrete sur faces. 

3.5 EXPANSION JOINTS AND CONTRACTION JOINTS: 

A. Clean expansion joint surfaces before installing  premolded filler and 

placing adjacent concrete. Extend joint-filler stri ps full width and 

depth of joint, terminating flush with finished con crete surface unless 

otherwise indicated. Install joint-filler strips in  lengths as long as 

practicable. Where more than one length is required , lace or clip 

sections together. 

B. Provide contraction (control) joints in floor sl abs as indicated on the 

contract drawings.  Joints shall be either formed o r saw cut, to a depth 

equal to at least one-fourth of concrete thickness after the surface has 

been finished.  Complete saw joints within 4 to 12 hours after concrete 

placement.  Protect joints from intrusion of foreig n matter. 

1.  Grooved Joints:  Form contraction joints after init ial floating by 

grooving and finishing each edge of joint to a radi us of 1/8 inch 

(3.2 mm).  Repeat grooving of contraction joints af ter applying 

surface finishes.  Eliminate groover tool marks on concrete surfaces. 

2. Sawed Joints:  Form contraction joints with powe r saws equipped with 

shatterproof abrasive or diamond-rimmed blades.  Cu t 1/8-inch- (3.2-

mm-) wide joints into concrete when cutting action will not tear, 

abrade, or otherwise damage surface and before conc rete  develops 

random contraction cracks.  

3.6 PLACING CONCRETE: 

A. Preparation: 

1. Remove hardened concrete, wood chips, shavings a nd other debris from 

forms. 

2. Remove hardened concrete and foreign materials f rom interior surfaces 

of mixing and conveying equipment. 

3. Provide runways for wheeling equipment to convey  concrete to point of 

deposit. Keep equipment on runways which are not su pported by or bear 
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on reinforcement. Provide similar runways for prote ction of vapor 

barrier on coarse fill. 

B. Bonding: Before depositing new concrete on or ag ainst concrete which has 

been set, thoroughly roughen and clean existing sur faces of laitance, 

foreign matter, and loose particles. 

1. Preparing surface for applied topping: 

a. Remove laitance, mortar, oil, grease, paint, or other foreign 

material by sand blasting. Clean with vacuum type e quipment to 

remove sand and other loose material. 

b. Broom clean and keep base slab wet for at least four hours before 

topping is applied. 

c. Use a thin coat of one part Portland cement, 1.5  parts fine sand, 

bonding admixture; and water at a 50: 50 ratio and mix to achieve 

the consistency of thick paint. Apply to a damp bas e slab by 

scrubbing with a stiff fiber brush. New concrete sh all be placed 

while the bonding grout is still tacky. 

C. Before placing concrete, verify that installatio n of formwork, 

reinforcement and embedded items is complete and th at required 

inspections have been performed. 

D. Before test sampling and placing concrete, water  may be added at Project 

site, subject to limitations of ACI 301. 

 1. 1. Do not add water to concrete after adding hi gh-range water-

reducing admixtures to mixture. 

E. Conveying Concrete: Convey concrete from mixer t o final place of deposit 

by a method which will prevent segregation. Method of conveying concrete 

is subject to approval of Resident Engineer. 

F. Placing: For special requirements see Paragraphs , HOT WEATHER and COLD  

hours. 

1. Deposit concrete in a continuous operationin for ms as near as 

practicable in its final position and within limits  of construction 

joints. Prevent splashing of forms or reinforcement  with concrete in 

advance of placing concrete. 

2. Deposit and consolidate concrete for floors and slabs in a continuous 

operation, within limits of construction joints, un til placement of a 

panel or section is complete. 

a. Consolidate concrete during placement operations  so concrete is 

thoroughly worked around reinforcement and other em bedded items 

and into corners. 
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b. Maintain reinforcement in position on chairs dur ing concrete 

placement. 

c. Screed slab surfaces with a straightedge and str ike off to correct 

elevations. 

d. Slope surfaces uniformly to drains where require d. 

e. Begin initial floating using bull floats or darb ies to form a 

uniform and open-textured surface plane, before exc ess bleedwater 

appears on the surface.  Do not further disturb sla b surfaces 

before starting finishing operations. 

3. Deposit concrete continuously in one layer or in  horizontal layers of 

such thickness that no new concrete will be placed on concrete that 

has hardened enough to cause seams or planes of wea kness.  If a 

section cannot be placed continuously, provide cons truction joints as 

indicated.  Deposit concrete to avoid segregation. 

a. Deposit concrete in horizontal layers of depth t o not exceed 

formwork design pressures and in a manner to avoid inclined 

construction joints. 

b. Consolidate placed concrete with mechanical vibr ating equipment 

according to ACI 301. 

c. Do not use vibrators to transport concrete insid e forms.  Insert 

and withdraw vibrators vertically at uniformly spac ed locations to 

rapidly penetrate placed layer and at least 6 inche s (150 mm) into 

preceding layer.  Do not insert vibrators into lowe r layers of 

concrete that have begun to lose plasticity.  At ea ch insertion, 

limit duration of vibration to time necessary to co nsolidate 

concrete and complete embedment of reinforcement an d other 

embedded items without causing mixture constituents  to segregate. 

4. Do not drop concrete freely more than 3000 mm (1 0 feet) for concrete 

containing the high-range water-reducing admixture (superplasticizer) 

WEATHER. 

5. Do not place concrete when weather conditions pr event proper 

placement and consolidation, or when concrete has a ttained its 

initial set, or has contained its water or cement c ontent more than 1 

1/2 or 1500 mm (5 feet) for conventional concrete. Where greater 

drops are required, use a tremie or flexible spout (canvas elephant 

trunk), attached to a suitable hopper. 

6. Continuously place concrete until an entire unit  between construction 

joints is placed. Rate and method of placing concre te shall be such 
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that no concrete between construction joints will b e deposited upon 

or against partly set concrete, after its initial s et has taken 

place, or after 45 minutes of elapsed time during c oncrete placement. 

3.7 HOT WEATHER: 

A. Follow the recommendations of ACI 305 or as spec ified to prevent 

problems in the manufacturing, placing, and curing of concrete that can 

adversely affect the properties and serviceability of the hardened 

concrete. Methods proposed for cooling materials an d arrangements for 

protecting concrete shall be made in advance of con crete placement and 

approved by Resident Engineer. 

1. Maintain concrete temperature below 90 deg F (32  deg C) at time of 

placement.  Chilled mixing water or chopped ice may  be used to 

control temperature, provided water equivalent of i ce is calculated 

to total amount of mixing water.  Using liquid nitr ogen to cool 

concrete is Contractor's option. 

2. Fog-spray forms, steel reinforcement, and subgra de just before 

placing concrete.  Keep subgrade uniformly moist wi thout standing 

water, soft spots, or dry areas. 

3.8 COLD WEATHER: 

A. Follow the recommendations of ACI 306.1 or as sp ecified to prevent 

freezing of concrete and to permit concrete to gain  strength properly. 

Use only the specified non-corrosive, non-chloride accelerator. Do not 

use calcium chloride, salt, thiocyantes or admixtur es containing more 

than 0.05 percent chloride ions, antifreeze agents or chemical 

accelerators unless otherwise specified and approve d in mixture designs. 

Methods proposed for heating materials and arrangem ents for protecting 

concrete shall be made in advance of concrete place ment and approved by 

Resident Engineer. 

1. When average high and low temperature is expecte d to fall below 40 

deg F (4.4 deg C) for three successive days, mainta in delivered 

concrete mixture temperature within the temperature  range required by 

ACI 301. 

2. Do not use frozen materials or materials contain ing ice or snow.  Do 

not place concrete on frozen subgrade or on subgrad e containing 

frozen materials. 

3. Do not use calcium chloride, salt, or other mate rials containing 

antifreeze agents or chemical accelerators unless o therwise specified 

and approved in mixture designs. 



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

03 30 00 - 21 

3.9 PROTECTION AND CURING: 

A. Protect freshly placed concrete from premature d rying and excessive cold 

or hot temperatures. Comply with ACI 306.1 for cold -weather protection 

and ACI 301 for hot-weather protection during curin g. 

B. Evaporation Retarder: Apply evaporation retarder  to unformed concrete 

surfaces if hot, dry, or windy conditions cause moi sture loss 

approaching 0.2 lb/sq. ft. x h (1 kg/sq. m x h) bef ore and during 

finishing operations.  Apply according to manufactu rer's written 

instructions after placing, screeding, and bull flo ating or darbying 

concrete, but before float finishing. 

 

 

 

C. Conform to ACI 308: Initial curing shall immedia tely follow the 

finishing operation. Protect exposed surfaces of co ncrete from premature 

drying, wash by rain and running water, wind, mecha nical injury, and 

excessively hot or cold temperatures. Keep concrete  not covered with 

membrane or other curing material continuously wet for at least 7 days 

after placing, except wet curing period for high-ea rly-strength concrete 

shall be not less than 3 days. Keep wood forms cont inuously wet to 

prevent moisture loss until forms are removed. Cure  exposed concrete 

surfaces as described below. Other curing methods m ay be used if 

approved by Resident Engineer. 

1. Moisture Curing:  Keep surfaces continuously moi st for not less than 

seven days with the following materials: 

 a. Water. 

 b. Continuous water-fog spray. 

c. Absorptive cover, water saturated, and kept cont inuously wet.  

Cover concrete surfaces and edges with 12-inch (300 -mm) lap over 

adjacent absorptive covers. 

2. Moisture-Retaining-Cover Curing:  Cover concrete  surfaces with 

moisture-retaining cover for curing concrete, place d in widest 

practicable width, with sides and ends lapped at le ast 12 inches (300 

mm), and sealed by waterproof tape or adhesive.  Cu re for not less 

than seven days.  Immediately repair any holes or t ears during curing 

period using cover material and waterproof tape. 

a. Moisture cure or use moisture-retaining covers t o cure concrete 

surfaces to receive floor coverings. 
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b. Moisture cure or use moisture-retaining covers t o cure concrete 

surfaces to receive penetrating liquid floor treatm ents. 

c. Cure concrete surfaces to receive floor covering s with either a 

moisture-retaining cover or a curing compound that the 

manufacturer certifies will not interfere with bond ing of floor 

covering used on Project. 

 

 

 

 

3.10 REMOVAL OF FORMS: 

A. Remove in a manner to assure complete safety of structure after the 

following conditions have been met. 

1. Where structure as a whole is supported on shore s, forms for beams 

and girder sides, columns, and similar vertical str uctural members 

that don’t support weight of concrete may be remove d after 

cumulatively curing at not less than 50 deg F for 2 4 hours, provided 

concrete has hardened sufficiently to prevent surfa ce damage by form-

removal operations and curing and protection is con tinued without any 

lapse in time as specified for exposed surfaces. 

2. Take particular care in removing forms of archit ectural exposed 

concrete to insure surfaces are not marred or gouge d, and that 

corners and arises are true, sharp and unbroken. 

B. Control Test: Use to determine if the concrete h as attained sufficient 

strength and curing to permit removal of supporting  forms. Cylinders 

required for control tests taken in accordance with  ASTM C172, molded in 

accordance with ASTM C31, and tested in accordance with ASTM C39. 

Control cylinders cured and protected in the same m anner as the 

structure they represent. Supporting forms or shori ng, that support the 

weight of concrete in place can not be removed unti l strength of control 

test cylinders have attained at least 70 percent of  minimum 28-day 

compressive strength specified.  Exercise care to a ssure that newly 

unsupported portions of structure are not subjected  to heavy 

construction or material loading. 

C. Comply with ACI 318 (ACI 318M) and ACI 301 for d esign, installation, and 

removal of shoring and reshoring. 

1. Do not remove shoring or reshoring until measure ment of slab 

tolerances is complete. 
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3.11 JOINT FILLING 

A. Prepare, clean, and install joint filler accordi ng to manufacturer's 

written instructions. 

1. Defer joint filling until concrete has aged at l east [one] [six] 

month(s).  Do not fill joints until construction tr affic has 

permanently ceased. 

B. Remove dirt, debris, saw cuttings, curing compou nds, and sealers from 

joints; leave contact faces of joint clean and dry.  

3.12 CONCRETE SURFACE PREPARATION: 

A. Metal Removal: Unnecessary metal items cut back flush with face of 

concrete members. 

B. Patching: Maintain curing and start patching as soon as forms are 

removed. Do not apply curing compounds to concrete surfaces requiring 

patching until patching is completed. Use cement mo rtar for patching of 

same composition as that used in concrete. Mix dry- pack patching mortar, 

consisting of one part portland cement to two and o ne-half parts fine 

aggregate passing a No. 16 (1.18-mm) sieve, using o nly enough water for 

handling and placing. Use white or gray Portland ce ment as necessary to 

obtain finish color matching surrounding concrete. Thoroughly clean 

areas to be patched. Cut out honeycombs, rock pocke ts, voids or 

otherwise defective areas, including color, texture  irregularities, 

cracks and air bubbles, of solid concrete to a dept h of not less than 19 

mm (3/4 inch). Cut edge perpendicular to surface of  concrete. Saturate 

with water area to be patched, and at least 150 mm (6 inches) 

surrounding before placing patching mortar. Give ar ea to be patched a 

brush coat of cement grout followed immediately by patching mortar. 

Cement grout composed of one part Portland cement, 1.5 parts fine sand, 

bonding admixture, and water at a 50:50 ratio, mix to achieve 

consistency of thick paint. Mix patching mortar app roximately 1 hour 

before placing and remix occasionally during this p eriod without 

addition of water. Compact mortar into place and sc reed slightly higher 

than surrounding surface. After initial shrinkage h as occurred, finish 

to match color and texture of adjoining surfaces.  Cure patches as 

specified for other concrete. Fill form tie holes w hich extend entirely 

through walls from unexposed face by means of a pre ssure gun or other 

suitable device to force mortar through wall. Wipe excess mortar off 

exposed face with a cloth. 
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C. Upon removal of forms, clean vertical concrete s urface that is to 

receive bonded applied cementitious application wit h wire brushes or by 

sand blasting to remove unset material, laitance, a nd loose particles to 

expose aggregates to provide a clean, firm, granula r surface for bond of 

applied finish. 

 

3.13 CONCRETE FINISHES: 

A. Rough-Formed Finish:  As-cast concrete texture i mparted by form-facing 

material with tie holes and defects repaired and pa tched.  Remove fins 

and other projections that exceed specified limits on formed-surface 

irregularities. 

1. Apply to concrete surfaces not exposed to public  view. 

B. Smooth-Formed Finish:  As-cast concrete texture imparted by form-facing 

material, arranged in an orderly and symmetrical ma nner with a minimum 

of seams.  Repair and patch tie holes and defects.  Remove fins and 

other projections that exceed specified limits on f ormed-surface 

irregularities. 

1. Apply to concrete surfaces exposed to public vie w.  

 
C. Slab Finishes: 

1. Monitoring and Adjustment: Provide continuous cy cle of placement, 

measurement, evaluation and adjustment of procedure s to produce slabs 

within specified tolerances. Monitor elevations of structural steel 

in key locations before and after concrete placemen t to establish 

typical deflection patterns for the structural stee l. Determine 

elevations of cast-in-place slab soffits prior to r emoval of shores. 

Provide information to Resident Engineer and floor consultant for 

evaluation and recommendations for subsequent place ments. 

2. Set perimeter forms to serve as screed using eit her optical or laser 

instruments. For slabs on grade, wet screeds may be  used to establish 

initial grade during strike-off, unless Resident En gineer determines 

that the method is proving insufficient to meet req uired finish 

tolerances and directs use of rigid screed guides. Where wet screeds 

are allowed, they shall be placed using grade stake s set by optical 

or laser instruments. 3. Place slabs monolithically . Once slab 

placement commences, complete finishing operations within same day. 

Slope finished slab to floor drains where they occu r, whether shown 

or not. 
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3. Use straightedges specifically made for screedin g, such as hollow 

magnesium straightedges or power strike-offs. Do no t use pieces of 

dimensioned lumber. Strike off and screed slab to a  true surface at 

required elevations. Use optical or laser instrumen ts to check 

concrete finished surface grade after strike-off. R epeat strike-off 

as necessary. Complete screeding before any excess moisture or 

bleeding water is present on surface. Do not sprink le dry cement on 

the surface. 

4. Immediately following screeding, and before any bleed water appears, 

use a 3000 mm (10 foot) wide highway straightedge i n a cutting and 

filling operation to achieve surface flatness. Do n ot use bull floats 

or darbys, except that darbying may be allowed for narrow slabs and 

restricted spaces. 

5. Wait until water sheen disappears and surface st iffens before 

proceeding further. Do not perform subsequent opera tions until 

concrete will sustain foot pressure with maximum of  6 mm (1/4 inch) 

indentation. 

6. Float Finish: Slabs to receive steel trowel fini sh, and equipment 

pads shall be floated to a smooth, dense uniform, s andy textured 

finish. Consolidate surface with power-driven float s or by hand 

floating if area is small or inaccessible to power driven floats. 

During floating, while surface is still soft, check  surface for 

flatness using a 3000 mm (10 foot) highway straight edge. Correct high 

spots by cutting down and correct low spots by fill ing in with 

material of same composition as floor finish. Remov e any surface 

projections and re-float to a uniform texture. 

7. Steel Trowel Finish: Concrete monolithic floor s labs to be exposed to 

view in finished work and other interior surfaces f or which no other 

finish is indicated. Steel trowel immediately follo wing floating. 

During final troweling, tilt steel trowel at a slig ht angle and exert 

heavy pressure to compact cement paste and form a d ense, smooth 

surface. Finished surface shall be smooth, free of trowel marks, and 

uniform in texture and appearance. 

 8. Broom Finish: Finish exterior slabs, ramps, and  stair treads with a 

bristle brush moistened with clear water after surf aces have been 

floated. Brush in a direction transverse to main tr affic. Match 

texture approved by Resident Engineer from sample p anel. 
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 9. Finished slab flatness (FF) and levelness (FL) values comply with 

ASTM E1155 and the following minimum requirements: 

a. Areas covered with carpeting, or not specified o therwise in b. 

below: 

1) Slab on Grade: 

a) Specified overall value   F F 30/F L 25 

b) Minimum local value   F F 24/F L 17 

b. "Specified overall value" is based on the compos ite of all 

measured values in a placement derived in accordanc e with ASTM 

E1155. 

c. "Minimum local value" (MLV) describes the flatne ss or levelness 

below which repair or replacement is required. MLV is based on the 

results of an individual placement and applies to a  minimum local 

area. Minimum local area boundaries may not cross a  construction 

joint or expansion joint. A minimum local area will  be bounded by 

construction and/or control joints, or by column li nes and/or 

half-column lines, whichever is smaller. 

d. Finish and measure surface so gap at any point b etween concrete 

surface and an unleveled, freestanding, 10-ft.- (3. 05-m-) long 

straightedge resting on two high spots and placed a nywhere on the 

surface does not exceed 3/16 inch (4.8 mm). 

10. Measurements 

a. Department of Veterans Affairs retained testing laboratory will 

take measurements as directed by Resident Engineer,  to verify 

compliance with FF, FL, and other finish requiremen ts. 

Measurements will occur within 72 hours after compl etion of 

concrete placement (weekends and holidays excluded) . Make 

measurements before shores or forms are removed to insure the "as-

built" levelness is accurately assessed. Profile da ta for above 

characteristics may be collected using a laser leve l or any Type 

II apparatus (ASTM E1155, "profileograph" or "dipst ick"). 

Contractor's surveyor shall establish reference ele vations to be 

used by Department of Veterans Affairs retained tes ting 

laboratory. 

b. Contractor not experienced in using FF and FL cr iteria is 

encouraged to retain the services of a floor consul tant to assist 

with recommendations concerning adjustments to slab  thicknesses, 

finishing techniques, and procedures on measurement s of the finish 
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as it progresses in order to achieve the specific f latness and 

levelness numbers. 

 

 

11. Acceptance/ Rejection: 

a. If individual slab section measures less than ei ther of specified 

minimum local F F/F L numbers, that section shall be rejected and 

remedial measures shall be required. Sectional boun daries may be 

set at construction and contraction (control) joint s, and not 

smaller than one-half bay. 

b. If composite value of entire slab installation, combination of all 

local results, measures less than either of specifi ed overall 

FF/F L numbers, then whole slab shall be rejected and rem edial 

measures shall be required. 

12. Remedial Measures for Rejected Slabs: Correct r ejected slab areas by 

grinding, planing, surface repair with underlayment  compound or 

repair topping, retopping, or removal and replaceme nt of entire 

rejected slab areas, as directed by Resident Engine er, until a slab 

finish constructed within specified tolerances is a ccepted. 

- - - E N D - - - 
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SECTION 03 30 53 - CAST-IN-PLACE CONCRETE 

PART 1 - GENERAL 

1.1  DESCRIPTION: 

A. This section specifies cast-in-place concrete an d material and mixes for 

structural and site work concrete. 

1.2  TOLERANCES: 

A. ACI 117. 

B. Slab Finishes: ACI 117, F-number method in accor dance with ASTM E1155. 

1.3  REGULATORY REQUIREMENTS: 

A. ACI SP-66 ACI Detailing Manual 

B. ACI 318 - Building Code Requirements for Reinfor ced Concrete. 

1.4  APPLICABLE PUBLICATIONS: 

A. Publications listed below form a part of this sp ecification to extent 

referenced. Publications are referenced in text by basic designation 

only. 

B. American Concrete Institute (ACI): 

 117R-06.................Tolerances for Concrete Co nstruction and 

Materials 

 211.1-91(R2002).........Proportions for Normal, He avyweight, and Mass 

Concrete 

 301-05..................Specification for Structur al Concrete  

 305R-06.................Hot Weather Concreting  

 306R-2002...............Cold Weather Concreting 

 SP-66-04 ...............ACI Detailing Manual  

 318/318R-05.............Building Code Requirements  for Reinforced 

Concrete  

 347R-04.................Guide to Formwork for Conc rete  

C. American Society for Testing and Materials (ASTM ):  

 C33-07..................Concrete Aggregates  

 C94/C94M-07.............Ready-Mixed Concrete  

 C150-07.................Portland Cement  

 C260-06.................Air-Entraining Admixtures for Concrete  

 C494/C494M-08...........Chemical Admixtures for Co ncrete  

 C618-08.................Coal Fly Ash and Raw or Ca lcined Natural 

Pozzolan for Use in Concrete 
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PART 2 - PRODUCTS 

2.1  FORMS: 

A. Wood, plywood, metal, or other materials, approv ed by Resident Engineer, 

of grade or type suitable to obtain type of finish specified. 

2.2  MATERIALS: 

A. Portland Cement: ASTM C150, Type I or II. 

B. Fly Ash: ASTM C618, Class C or F including suppl ementary optional 

requirements relating to reactive aggregates and al kalis, and loss on 

ignition (LOI) not to exceed 5 percent. 

C. Coarse Aggregate: ASTM C33, Size 67.  

D. Fine Aggregate: ASTM C33. 

E. Mixing Water: Fresh, clean, and potable. 

F. Air-Entraining Admixture: ASTM C260. 

G. Chemical Admixtures: ASTM C494. 

H. Vapor Barrier: ASTM D4397, 0.25 mm (10 mil). 

I. Reinforcing Steel: ASTM A615 or ASTM A996, defor med. See structural 

drawings for grade. 

J. Expansion Joint Filler: ASTM D1751. 

K. Sheet Materials for Curing Concrete: ASTM C171. 

2.3  CONCRETE MIXES: 

A. Design of concrete mixes using materials specifi ed shall be the 

responsibility of the Contractor as set forth under  Option C of ASTM 

C94. 

B. Compressive strength at 28 days shall be not les s than 30 Mpa 4000 psi). 

C. Maximum slump for vibrated concrete is 100 mm (4  inches) tested in 

accordance with ASTM C143. 

 

 

 

 

 

 

 

 

 

 

D. Cement and water factor (See Table I): 

TABLE I - CEMENT AND WATER FACTORS FOR CONCRETE 
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Concrete: Strength Non-Air-Entrained Air-Entrained 

Min. 28 Day Comp. 

Str. 

MPa (psi) 

Min. Cement 

kg/m 3 (lbs/c. 

yd) 

Max. Water 

Cement Ratio 

Min. Cement 

kg/m 3 

(lbs/c. yd) 

Max. Water 

Cement Ratio 

35 (5000) 1,3  375 (630) 0.45 385 (650) 0.40 

30 (4000) 1,3  325 (550) 0.55 340 (570) 0.50 

25 (3000) 1,3  280 (470) 0.65 290 (490) 0.55 

25 (3000) 1,2  300 (500) *  310 (520) *  

 

F. Air-entrainment is required for all exterior con crete. Air content shall 

conform with the following table:  

TABLE I - TOTAL AIR CONTENT 

FOR VARIOUS SIZES OF COARSE AGGREGATES (NORMAL CONCRETE) 

Nominal Maximum Size of 

Coarse Aggregate 

Total Air Content 

Percentage by Volume 

10 mm (3/8 in) 6 to 10 

13 mm (1/2 in) 5 to 9 

19 mm (3/4 in) 4 to 8 

25 mm (1 in) 3 1/2 to 6 1/2 

40 mm (1 1/2 in) 3 to 6 

2.4  BATCHING & MIXING: 

A. Store, batch, and mix materials as specified in ASTM C94. 

1. Ready-Mixed: Ready-mixed concrete comply with AS TM C94, except use of 

non-agitating equipment for transporting concrete t o the site will 

not be permitted. With each load of concrete delive red to project, 

ready-mixed concrete producer shall furnish, in dup licate, 

certification as required by ASTM C94. 

PART 3 - EXECUTION 

3.1  FORMWORK: 

A. Installation conform to ACI 347. Sufficiently ti ght to hold concrete 

without leakage, sufficiently braced to withstand v ibration of concrete, 

and to carry, without appreciable deflection, all d ead and live loads to 

which they may be subjected. 

B. Treating and Wetting: Treat or wet contact forms  as follows: 

1. Coat plywood and board forms with non-staining f orm sealer. In hot 

weather cool forms by wetting with cool water just before concrete 

is placed. 
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2. Clean and coat removable metal forms with light form oil before 

reinforcement is placed. In hot weather cool metal forms by 

thoroughly wetting with water just before placing c oncrete. 

3. Use sealer on reused plywood forms as specified for new material. 

C. Inserts, sleeves, and similar items: Flashing re glets, masonry ties, 

anchors, inserts, wires, hangers, sleeves, boxes fo r floor hinges and 

other items specified as furnished under this and o ther sections of 

specifications and required to be in their final po sition at time 

concrete is placed shall be properly located, accur ately positioned and 

built into construction, and maintained securely in  place. 

D. Construction Tolerances: 

1. Contractor is responsible for setting and mainta ining concrete 

formwork to assure erection of completed work withi n tolerances 

specified to accommodate installation or other roug h and finish 

materials. Remedial work necessary for correcting e xcessive 

tolerances is the responsibility of the Contractor.  Erected work 

that exceeds specified tolerance limits shall be re medied or 

removed and replaced, at no additional cost to the Government. 

2. Permissible surface irregularities for various c lasses of 

materials are defined as "finishes" in specificatio n sections 

covering individual materials. They are to be disti nguished from 

tolerances specified which are applicable to surfac e 

irregularities of structural elements. 

3.2  REINFORCEMENT: 

A. Details of concrete reinforcement, unless otherw ise shown,in accordance 

with ACI 318 and ACI SP-66. Support and securely ti e reinforcing steel 

to prevent displacement during placing of concrete.  

 

 

 

 

3.3  PLACING CONCRETE: 

A. Remove water from excavations before concrete is  placed. Remove hardened 

concrete, debris and other foreign materials from i nterior of forms, and 

from inside of mixing and conveying equipment. Obta in approval of 

Resident Engineer before placing concrete. Provide screeds at required 

elevations for concrete slabs. 
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B. Before placing new concrete on or against concre te which has set, 

existing surfaces shall be roughened and cleaned fr ee from all laitance, 

foreign matter, and loose particles. 

C. Convey concrete from mixer to final place of dep osit by method which 

will prevent segregation or loss of ingredients. Do  not deposit in work 

concrete that has attained its initial set or has c ontained its water or 

cement more than 1 1/2 hours. Do not allow concrete  to drop freely more 

than 1500 mm (5 feet) in unexposed work nor more th an 900 mm (3 feet) in 

exposed work. Place and consolidate concrete in hor izontal layers not 

exceeding 300 mm (12 inches) in thickness. Consolid ate concrete by 

spading, rodding, and mechanical vibrator. Do not s ecure vibrator to 

forms or reinforcement. Vibration shall be carried on continuously with 

placing of concrete. 

D. Hot weather placing of concrete: Follow recommen dations of ACI 305R to 

prevent problems in the manufacturing, placing, and  curing of concrete 

that can adversely affect the properties and servic eability of the 

hardened concrete. 

E. Cold weather placing of concrete: Follow recomme ndations of ACI 306R, to 

prevent freezing of thin sections less than 300 mm (12 inches) and to 

permit concrete to gain strength properly, except t hat use of calcium 

chloride shall not be permitted without written app roval from Resident 

Engineer. 

3.4  PROTECTION AND CURING: 

A. Protect exposed surfaces of concrete from premat ure drying, wash by rain 

or running water, wind, mechanical injury, and exce ssively hot or cold 

temperature. Curing method shall be subject to appr oval by Resident 

Engineer. 

3.5  FORM REMOVAL: 

A. Forms remain in place until concrete has a suffi cient strength to carry 

its own weight and loads supported. Removal of form s at any time is the 

Contractor's sole responsibility. 

3.6  SURFACE PREPARATION: 

A. Immediately after forms have been removed and wo rk has been examined and 

approved by Resident Engineer, remove loose materia ls, and patch all 

stone pockets, surface honeycomb, or similar defici encies with cement 

mortar made with 1 part portland cement and 2 to 3 parts sand. 

3.7  FINISHES: 

A. Slab Finishes: 
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1. Floating: Allow water brought to surface by floa t used for rough 

finishing to evaporate before surface is again floa ted or 

troweled. Do not sprinkle dry cement on surface to absorb water. 

2. Float Finish: Slabs and exterior equipment pads shall be screeded 

and floated to a smooth dense finish. After first f loating, while 

surface is still soft, surfaces shall be checked fo r alignment 

using a straightedge or template. Correct high spot s by cutting 

down with a trowel or similar tool and correct low spots by 

filling in with material of same composition as flo or finish. 

Remove any surface projections on floated finish by  rubbing or dry 

grinding. Refloat the slab to a uniform sandy textu re. 

3. Broom Finish: Finish all exterior slabs and exte rior equipment 

pads with a bristle brush moistened with clear wate r after the 

surfaces have been floated. 

- - - END - - - 
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SECTION 04 20 00 
UNIT MASONRY 

 
PART 1 - GENERAL 

1.1 DESCRIPTION 

A. This section specifies requirements for construc tion of masonry unit 

walls. 

1.2 RELATED WORK 

A. Shelf angles: Section 05 50 00, METAL FABRICATIO NS. 

B. Cavity insulation: Section 07 21 13, THERMAL INS ULATION. 

C. Flashing: Section 07 60 00, FLASHING AND SHEET M ETAL. 

D. Sealants and sealant installation: Section 07 92  00, JOINT SEALANTS. 

1.3 SUBMITTALS 

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT DATA 

AND SAMPLES.  

B. Samples: 

1. Face brick, sample panel, 200 mm by 400 mm (8 in ches by 16 inches,) 

showing full color range and texture of bricks, bon d, and proposed 

mortar joints. 

2. Concrete masonry units, when exposed in finish w ork. 

3. Glazed structural clay facing tile, clipped pane ls (triplicate) of 

four wall units with base units, showing color rang e, each color and 

texture. 

C. Shop Drawings: 

1. Shop Drawings: Submit shop drawings for fabricat ion, bending, and 

placement of reinforcing bars. Comply with ACI 315.  Show bar 

schedules, diagrams of bent bars, stirrup spacing, lateral ties and 

other arrangements and assemblies as required for f abrication and 

placement of reinforcement for unit masonry work. 

D. Mix Designs:  For each type of mortar and grout.   Include description of 

type and proportions of ingredients. 

1. Include test reports for mortar mixes required t o comply with 

property specification.  Test according to ASTM C 1 09/C 109M for 

compressive strength, ASTM C 1506 for water retenti on, and ASTM C 91 

for air content. 

2. Include test reports, according to ASTM C 1019, for grout mixes 

required to comply with compressive strength requir ement. 

E. Certificates: 
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1. Indicating that the following items meet specifi cation requirements: 

a. Face brick. 

b. Solid and load-bearing concrete masonry units. 

F. Manufacturer's Literature and Data: 

1. Anchors, ties, and reinforcement. 

1.4 SAMPLE PANEL 

A. Before starting masonry, lay up a sample panel i n accordance with 

Masonry Standards Joint Committee (MSJC) and Brick Industry Association 

(BIA). 

1. Use masonry units from random cubes of units del ivered on site. 

2. Include reinforcing, ties, and anchors. 

B. Use sample panels approved by Resident Engineer for standard of 

workmanship of new masonry work. 

C. Use sample panel to test cleaning methods. 

1.5 WARRANTY 

A. Warrant exterior masonry walls against moisture leaks and subject to 

terms of "Warranty of Construction", FAR clause 52. 246-21, except that 

warranty period shall be five years. 

1.6 APPLICABLE PUBLICATIONS 

A. Publications listed below form a part of this sp ecification to the 

extent referenced. Publications are referenced in t he text by the basic 

designation only. 

B. American Society for Testing and Materials (ASTM ): 

A951-06.................Steel Wire for Masonry Join t Reinforcement. 

A615/A615M-09...........Deformed and Plain Billet-S teel Bars for 

Concrete Reinforcement. 

C55-09..................Concrete Building Brick 

C90-11..................Load-Bearing Concrete Mason ry Units 

C216-10.................Facing Brick (Solid Masonry  Units Made From Clay 

or Shale) 

C476-10.................Standard Specification for Grout for Masonry 

F1667-11................Fasteners: Nails, Spikes an d Staples 

C. Masonry Industry Council: 

 Hot and Cold Weather Masonry Construction Manual-9 8 (R2000). 

 

 

D. American Welding Society (AWS): 
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 D1.4-11 Structural Welding Code – Reinforcing Stee l. 

E. Federal Specifications (FS): 

FF-S-107C-00............Screws, Tapping and Drive 

F. Brick Industry Association - Technical Notes on Brick Construction 

(BIA): 

11-2001.................Guide Specifications for Br ick Masonry, Part I 

11A–1988................Guide Specifications for Br ick Masonry, Part II 

11B–1988................Guide Specifications for Br ick Masonry, Part III 

Execution 

11C-1998................Guide Specification for Bri ck Masonry Engineered 

Brick Masonry, Part IV 

11D-1988................Guide Specifications for Br ick Masonry 

Engineered Brick Masonry, Part IV continued 

G. Masonry Standards Joint Committee; Specification s for Masonry Structures 

TMS 602-08/ACI 530.1-08/ASCE 6-08 (2008 MSJC Book V ersion TMS-0402-08). 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Store masonry units on elevated platforms in a d ry location.  If units 

are not stored in an enclosed location, cover tops and sides of stacks 

with waterproof sheeting, securely tied.  If units become wet, do not 

install until they are dry. 

B. Store cementitious materials on elevated platfor ms, under cover, and in 

a dry location.  Do not use cementitious materials that have become 

damp. 

C. Store aggregates where grading and other require d characteristics can be 

maintained and contamination avoided. 

D. Deliver preblended, dry mortar mix in moisture-r esistant containers 

designed for use with dispensing silos.  Store preb lended, dry mortar 

mix in delivery containers on elevated platforms, u nder cover, and in a 

dry location or in covered weatherproof dispensing silos. 

   E. Store masonry accessories, including metal it ems, to prevent corrosion  

  and accumulation of dirt and oil.1.7 PROJECT COND ITIONS 

F. Protection of Masonry:  During construction, cov er tops of walls, 

projections, and sills with waterproof sheeting at end of each day's 

work.  Cover partially completed masonry when const ruction is not in 

progress. 

1. Extend cover a minimum of 24 inches (600 mm) dow n both sides of walls 

and hold cover securely in place. 
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2. Where one wythe of multiwythe masonry walls is c ompleted in advance 

of other wythes, secure cover a minimum of 24 inche s (600 mm) down 

face next to unconstructed wythe and hold cover in place. 

G. Do not apply uniform floor or roof loads for at least 12 hours and 

concentrated loads for at least three days after bu ilding masonry walls 

or columns. 

H. Stain Prevention:  Prevent grout, mortar, and so il from staining the 

face of masonry to be left exposed or painted.  Imm ediately remove 

grout, mortar, and soil that come in contact with s uch masonry. 

1. Protect base of walls from rain-splashed mud and  from mortar splatter 

by spreading coverings on ground and over wall surf ace. 

2. Protect sills, ledges, and projections from mort ar droppings. 

3. Protect surfaces of window and door frames, as w ell as similar 

products with painted and integral finishes, from m ortar droppings. 

4. Turn scaffold boards near the wall on edge at th e end of each day to 

prevent rain from splashing mortar and dirt onto co mpleted masonry. 

I. Cold-Weather Requirements:  Do not use frozen ma terials or materials 

mixed or coated with ice or frost.  Do not build on  frozen substrates.  

Remove and replace unit masonry damaged by frost or  by freezing 

conditions.  Comply with cold-weather construction requirements 

contained in ACI 530.1/ASCE 6/TMS 602. 

1. Cold-Weather Cleaning:  Use liquid cleaning meth ods only when air 

temperature is 40 deg F (4 deg C) and higher and wi ll remain so until 

masonry has dried, but not less than seven days aft er completing 

cleaning. 

J. Hot-Weather Requirements:  Comply with hot-weath er construction 

requirements contained in ACI 530.1/ASCE 6/TMS 602.  

PART 2 - PRODUCTS 

2.1 BRICK 

A. Face Brick: 

1. ASTM C216, Grade SW, Type FBS. 

2. Brick when tested in accordance with ASTM C67: C lassified slightly 

efflorescent or better. 

3. Size: 

a. Modular 

4.  Basis of Design:  Sioux City Brick 

a)  Finish Code:  Red 50%, Cranberry 50% 

b)  Texture: Colonial 
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c)  Running Bond 

2.2 CONCRETE MASONRY UNITS 

A. Hollow and Solid Load-Bearing Concrete Masonry U nits: ASTM C90. 

1. Unit Weight: Normal weight. 

2. Sizes: Modular. 

3. For molded faces used as a finished surface, use  concrete masonry 

units with uniform fine to medium surface texture u nless specified 

otherwise. 

4. Unit Compressive Strength:  Provide units with m inimum average net-

area compressive strength of 2150 psi (14.8 MPa). 

 
2.3 MORTAR AND GROUT MATERIALS AND MIXES 

1.  Portland Cement:  ASTM C 150, Type I or II, exc ept Type III may be  
 used for cold-weather construction.  Provide natur al color or white 
 cement as required to produce mortar color indicat ed. 

2. Masonry Cement:  ASTM C 91. 

3. Aggregate for Mortar:  ASTM C 144. 

a. For mortar that is exposed to view, use washed a ggregate 
consisting of natural sand or crushed stone. 

b. For joints less than 1/4 inch (6 mm) thick, use aggregate graded 
with 100 percent passing the No. 16 (1.18-mm) sieve . 

5. Aggregate for Grout:  ASTM C 404. 

6. Cold-Weather Admixture:  Nonchloride, noncorrosi ve, accelerating 
admixture complying with ASTM C 494/C 494M, Type C,  and recommended 
by manufacturer for use in masonry mortar of compos ition indicated. 

7. Water:  Potable. 

A. Mortar and Grout Mixes: Do not use admixtures, i ncluding pigments, air-
entraining agents, accelerators, retarders, water-r epellent agents, 
antifreeze compounds, or other admixtures, unless o therwise indicated. 

1. Do not use calcium chloride in mortar or grout. 

2. For reinforced masonry, use masonry cement morta r; comply with ASTM C 
270. 

3. Add cold-weather admixture (if used) at same rat e for all mortar that 
will be exposed to view, regardless of weather cond itions, to ensure 
that mortar color is consistent. 

 

 

4. Grout for Unit Masonry:  Comply with ASTM C 476.  

a. Use grout of type indicated or, if not otherwise  indicated, of 
type (fine or coarse) that will comply with Table 1 .15.1 in ACI 
530.1/ASCE 6/TMS 602 for dimensions of grout spaces  and pour 
height. 
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b. Provide grout with a slump of 8 to 11 inches (20 3 to 279 mm) as 
measured according to ASTM C 143/C 143M. 

2.4 ANCHORS, TIES, AND REINFORCEMENT 

A. Steel Reinforcing Bars: ASTM A615M, deformed bar s, grade 60 (Grade 420). 

B. Joint Reinforcement: 

1. Form from wire complying with ASTM A951. 

2. Galvanized after fabrication. 

3. Width of joint reinforcement 40 mm (0.16 inches)  less than nominal 

width of masonry wall or partition. 

4. Cross wires welded to longitudinal wires. 

5. Joint reinforcement at least 3000 mm (10 feet) i n length. 

6. Joint reinforcement in rolls is not acceptable. 

7. Joint reinforcement that is crimped to form drip  is not acceptable. 

8. Maximum spacing of cross wires 400 mm (16 inch) to longitudinal 

wires. 

9. Ladder Design: 

a. Longitudinal wires deformed  4 mm (0.16 inch)  d iameter wire. 

b. Cross wires  2.6 mm (0.10 inch)  diameter. 

10. Reinforcing Bar Positioners:  Wire units design ed to fit into mortar 

bed joints spanning masonry unit cells and hold rei nforcing bars in 

center of cells.  Units are formed from 0.148-inch (3.77-mm) steel 

wire, hot-dip galvanized after fabrication.  Provid e units designed 

for number of bars indicated. 

2.5 PREFORMED COMPRESSIBLE JOINT FILLER 

A. Thickness and depth to fill the joint as specifi ed. 

B. Closed Cell Neoprene: ASTM D1056, Type 2, Class A, Grade 1, B2F1. 

C. Non-Combustible Type: ASTM C612, Class 5, 1800 d egrees F. 

2.6 ACCESSORIES 

A. Weep Hole Wicks: Glass fiber ropes, 10 mm (3/8 i nch) minimum diameter, 

300 mm (24 inches) long. 

B. Masonry Cleaner: 

1. Detergent type cleaner selected for each type ma sonry used. 

2. Acid cleaners are not acceptable. 

3. Use soapless type specially prepared for cleanin g brick or concrete 

masonry as appropriate. 

C. Fasteners: 

1. Masonry Nails: ASTM F1667, Type I, Style 17, 19 mm (3/4 inch) minimum 

length. 
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2. Screws: FS-FF-S-107, Type A, AB, SF thread formi ng or cutting. 

PART 3 - EXECUTION 

3.1 JOB CONDITIONS 

A. Protection: 

1. Cover tops of walls with nonstaining waterproof covering, when work 

is not in progress. Secure to prevent wind blow off . 

2. On new work protect base of wall from mud, dirt,  mortar droppings, 

and other materials that will stain face, until fin al landscaping or 

other site work is completed. 

B. Cold Weather Protection: 

1. Masonry may be laid in freezing weather when met hods of protection 

are utilized. 

2. Comply with MSJC and “Hot and Cold Weather Mason ry Construction 

Manual”. 

3.2 CONSTRUCTION TOLERANCES 

A. Lay masonry units plumb, level and true to line within the tolerances as 

per MSJC requirements and as follows: 

B. Maximum variation from plumb: 

1. In 3000 mm (10 feet) - 6 mm (1/4 inch). 

2. In 6000 mm (20 feet) - 10 mm (3/8 inch). 

3. In 12 000 mm (40 feet) or more - 13 mm (1/2 inch ). 

C. Maximum variation from level: 

1. In any bay or up to 6000 mm (20 feet) - 6 mm (1/ 4 inch). 

2. In 12 000 mm (40 feet) or more - 13 mm (1/2 inch ). 

D. Maximum variation from linear building lines: 

1. In any bay or up to 6000 mm (20 feet) - 13 mm (1 /2 inch). 

2. In 12 000 mm (40 feet) or more - 19 mm (3/4 inch ). 

E. Maximum variation in cross-sectional dimensions of columns and thickness 

of walls from dimensions shown: 

1. Minus 6 mm (1/4 inch). 

2. Plus 13 mm (1/2 inch). 

 

F. Maximum variation in prepared opening dimensions : 

1. Accurate to minus 0 mm (0 inch). 

2. Plus 6 mm (1/4 inch). 

3.3 INSTALLATION GENERAL 

A. Keep finish work free from mortar smears or spat ters, and leave neat and 

clean. 
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B. Anchor masonry as specified in Paragraph, ANCHOR AGE. 

C. Wall Openings: 

1. Fill hollow metal frames built into masonry wall s and partitions 

solid with mortar as laying of masonry progresses. 

2. If items are not available when walls are built,  prepare openings for 

subsequent installation. 

D. Tooling Joints: 

1. Do not tool until mortar has stiffened enough to  retain thumb print 

when thumb is pressed against mortar. 

2. Tool while mortar is soft enough to be compresse d into joints and not 

raked out. 

3. Finish joints in exterior face masonry work with  a jointing tool, and 

provide smooth, water-tight concave joint unless sp ecified otherwise. 

4. Tool Exposed interior joints in finish work conc ave unless specified 

otherwise. 

E. Masonry Lintels: 

1. Prefabricated or built-in-place masonry lintels made from bond beam 

CMUs with reinforcing bars placed as indicated and filled with coarse 

grout. Cure precast lintels before handling and ins talling.  

Temporarily support built-in-place lintels until cu red. 

2. Openings 305 mm (12 inches) wide to 1600 m (5 fe et 4 inches) wide 

with no structural steel lintel or frames, require a lintel formed of 

concrete masonry lintel or bond beam units filled w ith grout per ASTM 

C476 and reinforced with 1- #15m (1-#5) rod top and  bottom for each 

100 mm (4 inches) of nominal thickness unless shown  otherwise. 

3. Length for minimum bearing of 200 mm (8 inches) at ends unless 

otherwise indicated. 

4. Build masonry openings or arches over wood or me tal centering and 

supports when steel lintels are not used. 

 

 

F. Wall, Furring, and Partition Units: 

1. Lay out field units to provide for running bond of walls and 

partitions, with vertical joints in second course c entering on first 

course units unless specified otherwise. 

2. Align head joints of alternate vertical courses.  

3. At sides of openings, balance head joints in eac h course on vertical 

center lines of openings. 
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4. Use no piece shorter than 100 mm (4 inches) long . 

5. On interior partitions provide a 6 mm (1/4 inch)  open joint for 

caulking between  existing construction,  exterior walls,  concrete 

work,  and abutting masonry partitions. 

G. Before connecting new masonry with previously la id, remove loosened 

masonry or mortar, and clean and wet work in place as specified under 

wetting. 

H. Wetting and Wetting Test: 

1. Test and wet brick or clay tile in accordance wi th BIA 11B. 

2. Do not wet concrete masonry units or glazed stru ctural facing tile 

before laying. 

3.4 ANCHORAGE 

A. Masonry Facing to Backup and Cavity Wall Ties: 

1. Use individual ties for new work. 

2. Stagger ties in alternate courses, and space at 400 mm (16 inches) 

maximum vertically, and 600 mm (2 feet) horizontall y. 

3. At openings, provide additional ties spaced not more than 900 mm (3 

feet) apart vertically around perimeter of opening,  and within 300 mm 

(12 inches) from edge of opening. 

4. Anchor new masonry facing to existing masonry wi th corrugated wall 

ties spaced at 400 mm (16 inch) maximum vertical in tervals and at 

every second masonry unit horizontally. Fasten ties  to masonry with 

masonry nails. 

5. Option: Use joint reinforcing for multiple wythe s and cavity wall 

ties spaced not more than 400 mm (16 inches) vertic ally. 

6. Tie interior and exterior wythes of reinforced m asonry walls together 

with individual ties. Provide ties at intervals not  to exceed 600 mm 

(24 inches) on center horizontally, and 400 mm (16 inches) on center 

vertically. Lay ties in the same line vertically in  order to 

facilitate vibrating of the grout pours. 

3.5 REINFORCEMENT 

A. Joint Reinforcement: 

1. Use as joint reinforcement in CMU wythe of combi nation brick and CMU, 

cavity walls, and single wythe concrete masonry uni t walls or 

partitions. 

2. Reinforcing may be used in lieu of individual ti es for anchoring 

brick facing to CMU backup in exterior masonry wall s. 
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3. Install entire length of longitudinal side rods in mortar with a 

minimum cover of 5/8 inch (16 mm) on exterior side of walls, 1/2 inch 

(13 mm) elsewhere.  Lap reinforcement a minimum of 6 inches (150 mm). 

Locate joint reinforcement in mortar joints at 400 mm (16 inch) 

maximum vertical intervals. 

4. Additional joint reinforcement is required in mo rtar joints at both 

200 mm (8 inches) and 400 (16 inches) above and bel ow windows, doors, 

louvers and similar openings in masonry, except whe re other type 

anchors are required for anchorage of masonry to co ncrete structure 

and extending 12 inches (305 mm) beyond openings in  addition to 

continuous reinforcement. 

5. Interrupt joint reinforcement at control and exp ansion joints unless 

otherwise indicated. Provide continuity at corners by using 

prefabricated L-shaped units. 

B. Steel Reinforcing Bars: 

1. Install in wall cavities of reinforced masonry w alls where shown. 

2. Use grade 60 bars if not specified otherwise. 

3. Bond Beams:  

a. Form Bond beams of load-bearing concrete masonry  units filled with 

ASTM C476 grout and reinforced with 2-#15m (#5) rei nforcing steel 

unless shown otherwise. Do not cut reinforcement. 

b. Brake bond beams only at expansion joints and at  control joints, 

if shown. 

3.6 BRICK EXPANSION AND CMU CONTROL JOINTS. 

A. Provide brick expansion (BEJ) and CMU control (C J) joints where shown on 

drawings. 

B. Keep joint free of mortar and other debris. 

C. Where joints occur in masonry walls. 

1. Install preformed compressible joint filler in b rick wythe. 

2. Install filler, backer rod, and sealant on expos ed faces. 

D. Fill opening in exposed face of expansion and co ntrol joints with 

sealant as specified in Section 07 92 00, JOINT SEA LANTS. 

 
3.7 BUILDING EXPANSION AND SEISMIC JOINTS 

A. Keep joint free of mortar. Remove mortar and oth er debris. 

B. Install non-combustible, compressible type joint  filler to fill space 

completely except where sealant is shown on joints in exposed finish 

work. 
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C. Where joints are on exposed faces, provide depth  for backer rod and 

sealant as specified in Section 07 92 00, JOINT SEA LANTS, unless shown 

otherwise. 

3.8 BRICKWORK 

A. Lay clay brick in accordance with BIA Technical Note 11 series. 

B. Laying: 

1. Lay brick in running bond with course of masonry  bonded at corners 

unless shown otherwise.  Match bond of existing bui lding on 

alterations and additions. 2. Maintain bond pattern  throughout. 

2. Do not use brick smaller than half-brick at any angle, corner, break 

or jamb. 

3. Where length of cut brick is greater than one ha lf but less than a 

whole brick, maintain the vertical joint location o f such units. 

4. Lay exposed brickwork joints symmetrical about c enter lines of 

openings. 

5. Before starting work, lay facing brick on founda tion wall and adjust 

bond to openings, angles, and corners. 

C. Joints: 

1. Exterior and interior joint widths: Lay for thre e equal joints in 200 

mm (eight inches) vertically to match existing, unl ess shown 

otherwise. 

D. Weep Holes: 

1. Install weep holes at 600 mm (24 inches) on cent er in bottom of 

vertical joints of exterior masonry veneer or cavit y wall facing over 

foundations, bond beams, and other water stops in t he wall. 

2. Form weep holes using wicks made of mineral fibe r insulation strips 

turned up 400 mm (16 inches) in cavity. Anchor top of strip to backup 

to securely hold in place. 

3. Install sand or pea gravel in cavity approximate ly 75 mm (3 inches) 

high between weep holes. 

E. Cavity Type Exterior Walls: 

1. Keep air space clean of mortar accumulations and  debris. 

a. Clean cavity by use of hard rubber, wood or meta l channel strips 

having soft material on sides contacting wythes. 

2. Lift strips with wires before placing next cours es of horizontal 

joint reinforcement and adjustable cavity wall ties . 4. Insulated 

Cavity Type Exterior Walls: 
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a. Install the insulation against the cavity face o f inner masonry 

wythe. 

b. Place insulation between rows of ties or joint r einforcing or bond 

to masonry surface with a bonding agent as recommen ded by the 

manufacturer of the insulation. 

c. Lay the outer masonry wythe up with an air space  between 

insulation and masonry units. 

3.9 CONCRETE MASONRY UNITS 

A. Laying: 

1. Lay concrete masonry units with 10 mm (3/8 inch)  joints, with a bond 

overlap of not less than 1/4 of the unit length, ex cept where stack 

bond is required. 

2. Do not wet concrete masonry units before laying.  

3. Lay first course in a full mortar bed. 

4. Set anchorage items as work progress. 

5. Where ends of anchors, bolts, and other embedded  items, project into 

voids of units, completely fill such voids with mor tar or grout. 

6. Lay concrete masonry units with full face shell mortar beds and fill 

head joint beds for depth equivalent to face shell thickness. 

 7. Steel reinforcement, at time of placement, free  of loose flaky rust, 

mud, oil, or other coatings that will destroy or re duce bond. 

 8. Stagger splices in adjacent horizontal reinforc ing bars. Lap 

reinforcing bars at splices a minimum of 40 bar dia meters. 

 9. Cavity and joint horizontal reinforcement may b e placed as the 

masonry work progresses. 

3.10 GROUTING 

A. Preparation: 

1. Clean grout space of mortar droppings before pla cing grout. 

2. Close cleanouts. 

3. Install vertical solid masonry dams across grout  space for full 

height of wall at intervals of not more than 9000 m m (30 feet). 

4. Verify reinforcing bars are in cells of units as  shown. 

B. Placing: 

1. Place grout by hand bucket, concrete hopper, or grout pump. 

2. Consolidate each lift of grout after free water has disappeared but 

before plasticity is lost. 

3. Do not slush with mortar or use mortar with grou t. 

4. Interruptions: 



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

04 20 00- 13 

a. When grouting must be stopped for more than an h our, top off grout 

40 mm (1-1/2 inch) below top of last masonry course . 

3.11 PLACING REINFORCEMENT 

A. General: Clean reinforcement of loose rust, mill  scale, earth, ice or 

other materials which will reduce bond to mortar or  grout. Do not use 

reinforcement bars with kinks or bends not shown on  the Contract 

Drawings or final shop drawings, or bars with reduc ed cross-section due 

to excessive rusting or other causes. 

B. Position reinforcement accurately at the spacing  indicated. Support and 

secure vertical bars against displacement. Horizont al reinforcement may 

be placed as the masonry work progresses. Where ver tical bars are shown 

in close proximity, provide a clear distance betwee n bars of not less 

than the nominal bar diameter or 25 mm (1 inch), wh ichever is greater. 

C. Splice reinforcement bars where shown; do not sp lice at other places 

unless accepted by the Resident Engineer. Provide l apped splices, unless 

otherwise indicated. In splicing vertical bars or a ttaching to dowels, 

lap ends, place in contact and wire tie. 

D. Provide not less than minimum lap as indicated o n shop drawings, or if 

not indicated, as required by governing code. 

E. Embed metal ties in mortar joints as work progre sses, with a minimum 

mortar cover of 15 mm (5/8 inch) on exterior face o f walls and 13 mm 

(1/2 inch) at other locations. 

F. Embed prefabricated horizontal joint reinforceme nt as the work 

progresses, with a minimum cover of 15 mm (5/8 inch ) on exterior face of 

walls and 13 mm (1/2 inch) at other locations. Lap joint reinforcement 

not less than 150 mm (6 inches) at ends. Use prefab ricated “L” and “T” 

sections to provide continuity at corners and inter sections. Cut and 

bend joint reinforcement as recommended by manufact urer for continuity 

at returns, offsets, column fireproofing, pipe encl osures and other 

special conditions. 

G. Anchoring: Anchor reinforced masonry work to sup porting structure as 

indicated. 

3.12 INSTALLATION OF REINFORCED CONCRETE UNIT MASON RY 

A. Do not wet concrete masonry units (CMU). 

B. Lay CMU units with full-face shell mortar beds. Fill vertical head 

joints (end joints between units) solidly with mort ar from face of unit 

to a distance behind face equal to not less than th e thickness of 

longitudinal face shells. Solidly bed cross-webs of  starting courses in 
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mortar. Maintain head and bed joint widths shown, o r if not shown, 

provide 10 mm (3/8 inch) joints. 

C. Where solid CMU units are shown, lay with full m ortar head and bed 

joints. 

D. Walls: 

1. Pattern Bond: Lay CMU wall units in 1/2-running bond with vertical 

joints in each course centered on units in courses above and below, 

unless otherwise indicated. Bond and interlock each  course at corners 

and intersections. Use special-shaped units where s hown, and as 

required for corners, jambs, sash, control joints, lintels, bond 

beams and other special conditions. 

2. Maintain vertical continuity of core or cell cav ities, which are to 

be reinforced and grouted, to provide minimum clear  dimension 

indicated and to provide minimum clearance and grou t coverage for 

vertical reinforcement bars. Keep cavities free of mortar. Solidly 

bed webs in mortar where adjacent to reinforced cor es or cells. 

3. Where horizontal reinforced beams (bond beams) a re shown, use special 

units or modify regular units to allow for placemen t of continuous 

horizontal reinforcement bars. Place small mesh exp anded metal lath 

or wire screening in mortar joints under bond beam courses over cores 

or cells of non-reinforced vertical cells, or provi de units with 

solid bottoms. 

E. Grouting: 

1. Use “Fine Grout” per ASTM C476 for filling space s less than 100 mm (4 

inches) in one or both horizontal directions. 

2. Use “Coarse Grout” per ASTM C476 for filling 100  mm (4 inch) spaces 

or larger in both horizontal directions. 

3.13 CLEANING AND REPAIR 

A. General: 

1. Clean exposed masonry surfaces on completion. 

2. Protect adjoining construction materials and lan dscaping during 

cleaning operations. 

3. Cut out defective exposed new joints to depth of  approximately 19 mm 

(3/4 inch) and repoint. 

4. Remove mortar droppings and other foreign substa nces from wall 

surfaces. 

B. Brickwork: 



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

04 20 00- 15 

1. First wet surfaces with clean water, then wash d own with a solution 

of soapless detergent. Do not use muriatic acid. 

2. Brush with stiff fiber brushes while washing, an d immediately 

thereafter hose down with clean water. 

3. Free clean surfaces of traces of detergent, fore ign streaks, or 

stains of any nature. 

C. Concrete Masonry Units: 

1. Immediately following setting, brush exposed sur faces free of mortar 

or other foreign matter. 

2. Allow mud to dry before brushing. 

- - - E N D - - - 
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SECTION 05 12 00 
STRUCTURAL STEEL FRAMING 

 
PART 1 - GENERAL 

1.1 DESCRIPTION: 

A. This section specifies structural steel shown an d classified by Section 

2, Code of Standard Practice for Steel Buildings an d Bridges. 

1.2 RELATED WORK: 

A. Materials testing and inspection during construc tion: Section 01 45 29, 

TESTING LABORATORY SERVICES. 

B. Steel Joist: Section 05 21 00, STEEL JOIST FRAMI NG. 

C. Steel Decking: Section 05 31 00, STEEL DECKING. 

1.3 QUALITY ASSURANCE: 

A.  Fabricator and erector shall maintain a program of quality assurance in 

conformance with Section 8, Code of Standard Practi ce for Steel 

Buildings and Bridges. Work shall be fabricated in an AISC certified 

Category STD fabrication plant. 

1.4 TOLERANCES: 

A. Fabrication tolerances for structural steel shal l be held within limits 

established by ASTM A6, by AISC 303, Sections 6 and  7, Code of Standard 

Practice for Buildings and Bridges. 

1.5 REGULATORY REQUIREMENTS: 

A. AISC 360: Specification for Structural Steel Bui ldings  

B. AISC 303: Code of Standard Practice for Steel Bu ildings and Bridges.  

1.6 SUBMITTALS: 

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT DATA, 

AND SAMPLES. 

B. Shop and Erection Drawings: Show fabrication of structural steel 

components. 

 1. Include details of cuts, connections, splices, camber, holes, and 

 other pertinent data. 

 2. Include embedment drawings. 

 3. indicate welds by standard AWS symbols, disting uishing between shop 

 and field welds, and show size, length, and type o f each weld. 

 4. indicate type, size, and length of bolts, disti nguishing between shop 

 and field bolts.  
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C. Paint Compatibility Certificates: From manufactu rers of topcoats applied 

over shop primers, certifying that shop primers are  compatible with 

topcoats. 

1.7 APPLICABLE PUBLICATIONS: 

A. Publications listed below form a part of this sp ecification to extent 

referenced. Publications are referenced in text by basic designation 

only. 

B. American Institute of Steel Construction (AISC):  

1. AISC 360-10  Specification for Structural Steel Buildings 

3. AISC 303-10 Code of Standard Practice for Steel Buildings and Bridges 

C. American National Standards Institute (ANSI): 

B18.22.1-65(R2008)......Plain Washers 

D. American Society for Testing and Materials (ASTM ): 

A36/A36M-08.............Standard Specification for Carbon Structural 

Steel  

A307-10.................Standard Specification for Carbon Steel Bolts 

and Studs, 60,000 psi Tensile Strength  

A325-10.................Standard Specification for Structural Bolts, 

Steel, Heat Treated, 120/105 ksi Minimum Tensile 

Strength 

A992/A992M-11...........Standard Specification for Structural Steel 

Shapes 

E. American Welding Society (AWS): 

D1.1/D1.1M-10...........Structural Welding Code-Ste el 

F. Research Council on Structural Connections (RCSC ) of The Engineering 

Foundation: 

 Specification for Structural Joints Using ASTM A32 5 or A490 Bolts 

G. Military Specifications (Mil. Spec.): 

MIL-P-21035.............Paint, High Zinc Dust Conte nt, Galvanizing, 

Repair  

H.  Occupational Safety and Health Administration (OSHA ): 

29 CFR Part 1926-2001...Safety Standards for Steel Erection 

1.8 DELIVERY, STORAGE, AND HANDLING: 

A. Store materials to permit easy access for inspec tion and identification. 

Keep steel members off ground and spaced by using p allets, dunnage, or 

other supports and spacers. Protect steel members a nd packaged materials 

from corrosion and deterioration. 
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 1. Do not store materials on structure in a manner  that might cause 

 distortion, damage, or overload to members or supp orting structures. 

 Repair or replace damaged materials or structures as directed. 

B. Store fasteners in a protected place in sealed c ontainers with 

manufacturer’s label intact. 

 1. Clean and relubricate bolts and nuts that becom e dry or rusty before 

 use. 

 2. Comply with manufacturers’ written recommendati ons for cleaning and 

 lubricating ASTM F 1852 fasteners and for retestin g fasteners after 

 lubrication. 

1.9 COORDINATION 

A. Coordinate selection of shop primers with topcoa ts to be applied over 

them. Comply with paint and coating manufacturers’ recommendations to 

ensure that shop primers and topcoats are compatibl e with one another. 

B. Coordinate installation of anchorage items to be  embedded in or attached 

to other construction without delaying the Work. Pr ovide setting 

diagrams, sheet metal templates, instructions, and directions for 

installation. 

PART 2 - PRODUCTS 

2.1 MATERIALS: 

A. Structural Steel:   

   1. W-Shapes: ASTM A 992 

 2. Channels, Angles, Plates and Bars: ASTM A 36 

B. Welding Electrodes: Comply with AWS requirements .C. Bolts, Nuts and 

Washers: 

1. High-strength bolts, including nuts and washers:  ASTM A325, Type 2, 

heavy-hex steel structural bolts; ASTM A 563, Grade  C, heavy-hex 

carbon steel nuts; and ASTM F 436, Type 1, hardened  carbon-steel 

washers; all with plain finish. 

2. Bolts and nuts, other than high-strength: ASTM A 307, Grade A. 

3. Plain washers, other than those in contact with high-strength bolt 

heads and nuts: ANSI Standard B18.22.1. 

2.2 PRIMER: 

A. Fabricator’s standard lead- and chromate-free, n onasphaltic, rust-

inhibiting primer complying with MPI#79 and compati ble with topcoat. 

2.3 GROUT: 

A. Nonmetallic, Shrinkage-Resistant Grout: ASTM C 1 107, factory-packaged, 

nonmetallic aggregate grout, noncorrosive and nonst aining, mixed with 
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water to consistency suitable for application and a  30-minute working 

time. 

PART 3 - EXECUTION 

3.1 CONNECTIONS (SHOP AND FIELD): 

A. Welding: Welding in accordance with AWS D1.1 for  tolerances, 

appearances, welding procedure specifications, weld  quality, and methods 

used in correcting welding work. Comply with AISC 3 03 and AISC 360 for 

bearing, alignment, adequacy of temporary connectio ns, and removal of 

paint on surfaces adjacent to field welds. Welds sh all be made only by 

welders and welding operators who have been previou sly qualified by 

tests as prescribed in AWS D1.1 to perform type of work required. 

B. High-Strength Bolts: Install high-strength bolts  according to RCSC’s 

“Specification for Structural Joints Using ASTM A 3 25 or A 490 Bolts” 

for type of bolt specified and snug tightened joint . High-strength bolts 

tightened to a bolt tension not less than 70% of th eir minimum tensile 

strength. Tightening done with properly calibrated wrenches, by turn-of-

nut method or by use of direct tension indicators ( bolts or washers). 

Tighten bolts in connections identified as slip-cri tical using Direct 

Tension Indicators. Twist-off torque bolts are not an acceptable 

alternate fastener for slip critical connections. 

3.2 FABRICATION: 

A. Structural Steel: Fabricate and assemble in shop  to greatest extent 

possible. Fabrication is in accordance with AISC’s “Code of Standard 

Practice for Steel Buildings and Bridges” and Chapt er M, AISC 360. 

B. Thermal Cutting: Perform thermal cutting by mach ine to greatest extent 

possible. 

C. Bolt Holes: Cut, drill or punch standard bolt ho les perpendicular to 

metal surfaces. 

D. Finishing: Accurately finish ends of members tra nsmitting bearing loads. 

E. Cleaning: Clean and prepare steel surfaces that are to remain unpainted 

according to SSPC-SP 2, “Hand Tool Cleaning.” 

F. Holes: Provide holes required for securing other  work to structural 

steel and for other work to pass through steel fram ing members. 

1. Cut, drill or punch holes perpendicular to steel  surfaces. Do not 

thermally cut bolt holes or enlarge holes by burnin g. 

3.3 SHOP PAINTING: 

A. General: Shop paint steel with primer in accorda nce with AISC 303, 

Section 6. 
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B. Do not apply paint to following: 

1. Surfaces within 50 mm (2 inches) of joints to be  welded in field. 

2. Surfaces which will be encased in concrete or mo rtar. Extend priming 

of partially embedded members to a depth of 2 inche s (50 mm). 

3. Surfaces which will receive sprayed on fireproof ing. 

4. Top flange of members which will have shear conn ector studs applied. 

  C. Structural steel in the interstitial space tha t does not receive sprayed 

on fireproofing shall be painted with primer in acc ordance with general 

requirement of shop painting. 

D. Surface Preparation: Clean surfaces to be painte d. Remove loose rust and 

mill scale and spatter, slag, or flux deposits. Pre pare surfaces 

according to SSPC-SP 2, “Hand Tool Cleaning.” 

E. Priming: Immediately after surface preparation, apply primer according 

to manufacturer’s written instructions and at rate recommended by SSPC 

to provide a minimum dry film thickness of 1.5 mils  (0.038 mm). Use 

priming methods that result in full coverage of joi nts, corners, edges, 

and exposed surfaces. 

 1. Stripe paint corners, crevices, bolts, welds, a nd sharp edges. 

2. Apply two coats of shop paint to surfaces that a re inaccessible after 

assembly or erection. Change color of second coat t o distinguish it 

from first. 

3.4 ERECTION: 

A. General: Erection of structural steel accurately  in locations and at 

elevations indicated must be in accordance with AIS C 303, Section 7B and 

AISC 360. Temporary Supports: Temporary support of structural steel 

frames during erection in accordance with AISC 303,  Section 7 

B. Base, Bearing and Leveling Plates: Clean masonry -bearing surfaces of 

bond reducing materials, and roughen surfaces prior  to setting plates. 

Clean bottom surfaces of plates. 

1. Promptly pac grout solidly between bearing surfa ces and plates so no 

voids remain. Neatly finish exposed surfaces; prote ct grout and allow 

to cure. Comply with manufacturer’s written instruc tions for shrink-

resistant grouts. 

C. Maintain erection tolerances of structural steel  within AISC’s “Code of 

Standard Practice for Steel Buildings and Bridges.”  

D. Do not use thermal cutting during erection. 

E. Do not enlarge unfair holes in members by burnin g or using drift pins. 

Ream holes that must be enlarged to admit bolts. 
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3.5 FIELD PAINTING: 

A. After erection, clean exposed areas where primer  is damaged or missing 

and touch-up steel surfaces specified to be shop pa inted. After welding 

is completed, clean and prime areas not painted due  to field welding. 

- - - E N D - - - 
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SECTION 05 21 00 
STEEL JOIST FRAMING 

 
PART 1 – GENERAL 

1.1 DESCRIPTION: 

A. This section specifies K-Series open web steel j oists and accessories. 

1.2 RELATED WORK: 

A. Structural Steel: Section 05 12 00, STRUCTURAL S TEEL FRAMING. 

1.3 DESIGN REQUIREMENTS: 

A. Design all elements with the latest published ve rsion of applicable 

Codes. 

1.4 TOLERANCES: 

A. Deviation from a straight line between ends of a ny installed joist shall 

not exceed 10 mm in 3 m (3/8 inch in 10 feet). 

1.5 REGULATORY REQUIREMENTS: 

A. STEEL JOIST INSTITUTE: Standard Specifications, Load Tables and Weight 

Tables for Steel Joists and Joist Girders, (Latest Edition). 

1.6 SUBMITTALS: 

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT DATA, 

AND SAMPLES. 

B. Shop and Erection Drawings: Complete. 

1. Erection drawings showing the size and location of each joist, 

bridging, cross bracing, bearing details, connectio ns, welds, bolts 

and bearing plates. 

C. Certificates: STEEL JOIST INSTITUTE compliance. 

 
1.7 QUALITY ASSURANCE: 

A. Provide documentation that the joist manufacture r is a member of the 

Steel Joist Institute and has satisfactorily comple ted work of a similar 

scope and nature. 

1.8 APPLICABLE PUBLICATIONS: 

A. Publications listed below form a part of this sp ecification to extent 

referenced. Publications are referenced in text by basic designation 

only. 

B. American Institute of Steel Construction (AISC):  

1. Specification for Structural Steel Buildings – A llowable Stress 

Design and Plastic Design (Latest Edition). 

 

C. American Society for Testing and Materials (ASTM ): 
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A307-07.................Carbon Steel Bolts and Stud s, 400 MPa (60,000 

psi) Tensile Strength 

A325-09.................Structural Bolts, Steel, He at Treated, 800/700 

MPa (120/105 ksi) Minimum Tensile Strength 

D. American Welding Society (AWS): 

D1.1-08.................Structural Welding Code – S teel 

E. SSPC: The Society for Protective Coatings: 

 Steel Structures Painting Manual, Volumes 1 and 2 

F. Steel Joist Institute (STEEL JOIST INSTITUTE): 

Standard Specifications, Load Tables and Weight Tab les for Steel Joists 

and Joist Girders (Latest Edition). 

G. U.S. Army Corps of Engineers: 

CRD-C-621...............Specification for Non-Shrin k Grout 

1.9 DELIVERY, STORAGE & HANDLING: 

A. Deliver, store, and handle joists as recommended  in Steel Joist 

Institute’s Standard Specifications. 

B. Protect joists from corrosion, deformation, and other damage during 

delivery, storage, and handling. 

1.10 SEQUENCING: 

A.Deliver steel bearing plates to be built into mas onry construction. 

PART 2 - PRODUCTS 

2.1 OPEN WEB STEEL JOISTS: 

A. K-Series conforming to STEEL JOIST INSTITUTE sta ndard specifications. 

2.3 ACCESSORIES – FITTINGS: 

A. Accessories and fittings, including end supports  and bridging, in 

accordance with standard STEEL JOIST INSTITUTE spec ification under which 

joists were designed. 

B. Fabricate steel bearing plates from ASTM A36 ste el with integral 

anchorages of sizes and thicknesses indicated.  Sho p prime paint. 

C. Unfinished Threaded Fasteners: ASTM A307, Grade A, regular hexagon type, 

low carbon steel; carbon-steel nuts; and flat, unha rdened steel washers. 

D. High-strength bolts, including nuts and washers:  ASTM A325, Type 1, 

heavy hex steel structural bolts; ASTM A 563 heavy hex carbon-steel 

nuts; and ASTM F 436 hardened carbon-steel washers . 

E. Welding Electrodes:  Comply with AWS standards. 

 

2.4 BEDDING MORTAR: 

A. For joist ends bearing on masonry, provide beddi ng mortar as follows: 
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1. Portland cement and sand, mixed at a ratio of 1 part cement to 3 

parts sand, by volume, with enough water for placem ent and hydration. 

2. Non-metallic, shrinkage-resistant mortar; premix ed, non-corrosive, 

non-staining product containing selected silica san ds, portland 

cement, shrinkage compensating agents, plasticizing  and water 

reducing agents, complying with CRD-C-621. 

PART 3 - EXECUTION 

3.1 FABRICATION: 

A. Fabrication and assembly in accordance with appl icable standard STEEL 

JOIST INSTITUTE specification: 

1. Manufacture steel joists of type indicated accor ding to “Standard 

Specifications for Open Web Steel Joists, K-Series”  in Steel Joist 

Institute’s Standard Specifications with steel-angl e top- and bottom-

chord members, under slung ends, and parallel top c hord. 

2. Make chord splices with full penetration welds c apable of developing 

the ultimate strength in tension of the parent mate rial. Make no 

allowance for the strength of back-up bars or other  material 

incidental to welding. 

3. Provide shop-welded connection plates at panel p oints to receive 

supplemental framing. 

4. Holes in Chord Members: Provide holes in chord m embers for connecting 

and securing other work to steel joists; however, d educt area of 

holes from the area of chord when calculating stren gth of member. 

5. Top-Chord Extensions: Extend top chords of joist s with Steel Joist 

Institute’s Type S top-chord extensions where indic ated, complying 

with Steel Joist Institute’s Standard Specification s. 

6. Extended Ends: Provide extended ends on joists w ith Steel Joist 

Institute’s Type R extended ends where indicated, c omplying with 

manufacturer’s standards and requirements of applic able STEEL JOIST 

INSTITUTE specifications. 

7. Camber joists according to Steel Joist Insitute’ s Standard 

Specifications. 

 

 

 

8. Bridging: Provide horizontal or diagonal type br idging for joists of 

material, size and type, complying with STEEL JOIST  INSTITUTE 

specifications for type of joist, chord size, spaci ng and span. 

Provide bridging anchors for ends of bridging lines  terminating at 
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walls or beams. Provide bridging adequate to resist  the loads 

indicated on the Contract Documents and additional erection bracing 

if required for stability. 

9. End Anchorage: Provide end anchorages, including  bearing plates, to 

secure joists to adjacent construction, complying w ith STEEL JOIST 

INSTITUTE specifications, unless otherwise indicate d. Design all end 

anchorages to resist a minimum net uplift of 1.6 kP a (35 pounds per 

square foot) of supported area. 

 
10.Equip bearing ends of joists with manufacturer’s  standard beveled 

ends. 

11.Provide supplemental steel support framing for m etal deck where 

normal deck bearing is precluded by other framing m embers and minor 

openings. 

3.2 CLEANING AND SHOP PAINTING: 

A. Clean and remove loose scale, heavy rust, and ot her foreign materials 

from fabricated joists and accessories by hand tool  cleaning, SSPC-SP2. 

B. Shop painting in accordance with applicable STEE L JOIST INSTITUTE 

standard specification. 

C. Shop paint joists and accessories with a rust-in hibiting primer paint. 

For joists which will be finish painted, limit pain t to a primer which 

is compatible with specified finish paint. In high humidity areas, shop 

paint joists with a zinc-rich primer to receive top  coats per the paint 

system manufacturer’s recommendations. 

D. Apply one coat of shop primer to joists and jois t accessories to be 

primed to provide a continuous, dry paint film not less than 1 mil 

(0.025 mm) thick. 

3.3 ERECTION: 

A. Installation of joists in accordance with applic able STEEL JOIST 

INSTITUTE standard specification. 

B. Handle joists in a manner to avoid damaging of j oists. Remove damaged 

joists from site, except when field repair is appro ved and such repairs 

are satisfactorily made in accordance with manufact urer's 

recommendations. 

 
C. Do not install joists until supporting construct ion is in place and 

secured. 

D. Accurately set joists and end anchorage in accor dance with the 

applicable STEEL JOIST INSTITUTE standard specifica tion. Secure joists 

resting on masonry bearing surfaces by welding or b olting to the steel 
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bearing plates as indicated on the Contract Documen ts. Secure bridging 

and anchoring in place prior to application of any construction loads. 

Distribute any temporary loads so that carrying cap acity of any joist is 

not exceeded. Anchor ends of bridging lines at top and bottom chords if 

terminating at walls. 

3.4 FIELD PAINTING: 

A. Clean abraded, corroded, and field welded areas and touch up with same 

type of paint used in shop painting. 

- - - E N D - - - 



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

05 21 00 - 6 

 

 

 

 

 

 

 

 

 

 

 

 

 

THIS PAGE INTENTIONALLY LEFT BLANK  



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

05 31 00 - 1 

SECTION 05 31 00 
STEEL DECKING 

 

PART 1 - GENERAL 

1.1 DESCRIPTION: 

A. This section specifies material and services req uired for installation 

of steel decking as shown and specified. 

1.2 RELATED WORK: 

A. Materials testing and inspection during construc tion: Section 01 45 29, 

TESTING LABORATORY SERVICES. 

1.3 DESIGN REQUIREMENTS: 

A. Design steel decking in accordance with AISI pub lication, "North 

American Specification for the Design of Cold-forme d Steel Structural 

Members" except as otherwise shown or specified. 

B. Design all elements with the latest published ve rsion of applicable 

codes. 

1.4 SUBMITTALS: 

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT DATA, 

AND SAMPLES. 

B. Shop Drawings: Shop and erection drawings showin g decking unit layout, 

types of deck panels, connections to supporting mem bers, and similar 

information necessary for completing installation a s shown and 

specified, including supplementary framing, sump pa ns, ridge and valley 

plates, cant strips, cut openings, special jointing  or other 

accessories. Show welding, side lap, closure, deck reinforcing and 

closure reinforcing details. Show openings required  for work of other 

trades, including openings not shown on structural drawings. Indicate 

where temporary shoring is required to satisfy desi gn criteria. 

C. Insurance Certification: Assist the Government i n preparation and 

submittal of roof installation acceptance certifica tion as may be 

necessary in connection with fire and extended cove rage insurance. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Protect steel deck from corrosion, deformation, and other damage during 

delivery, storage, and handling. 

B. Stack steel deck on platforms or pallets and slo pe to provide drainage. 

Protect with a waterproof convering and ventilate t o avoid condensation.  
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1.6 APPLICABLE PUBLICATIONS: 

A. Publications listed below form a part of this sp ecification to extent 

referenced. Publications are referenced in text by basic designation 

only.  

B. American Society for Testing and Materials (ASTM ): 

A36/A36M-08.............Standard Specification for Carbon Structural 

Steel 

ASTM A1008/A1008M-12....Standard Specification for Steel, Sheet, Cold-

Rolled, Carbon, Structural, High-Strength Low-

Alloy, High-Strength Low-Alloy with Improved 

Formability, Solution Hardened, and Bake 

Hardenable.  

C. American Institute of Steel Construction (AISC):  

360-10..................Specification for Structura l Steel Buildings. 

D. American Iron and Steel Institute (AISI): 

S100-07.................North American Specificatio n for the Design of 

Cold-Formed Steel Structural Members, 2007 

Edition with Supplement 2.aisc 

E. American Welding Society (AWS): 

D1.3-08.................Structural Welding Code - S heet Steel 

PART 2 - PRODUCTS 

2.1 MATERIALS: 

A. Steel Decking: ASTM A1008, Structural Steel (SS) , Grade 33 minimum, shop 

primed with manufacturer’s standard baked-on, rust inhibitive primer. 

B. Primer for Shop Painted Sheets: Manufacturer's s tandard primer (2 

coats).  

C. Miscellaneous Steel Shapes: ASTM A36. 

D. Welding Electrode: E60XX minimum. 

E. Sheet Metal Accessories: ASTM A653, galvanized, unless noted otherwise. 

Provide accessories of every kind required to compl ete the installation 

of metal decking in the system shown. Finish sheet metal items to match 

deck including, but not limited to, the following i tems: 

1.  Mechanical Fasteners: Corrosion-resistant, low-velo city, power-

actuated or pneumatically driven carbon-steel faste ners; or self-

drilling, self-threading screws. 

2.  Side-Lap Fasteners: Corrosion-resistant, hexagonal washer head; self-

drilling, carbon-steel screws, No. 10 (4.8-mm) mini mum diameter. 
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3.  Metal Cover Plates: For end-abutting deck units, to  close gaps at 

changes in deck direction, columns, walls and openi ngs. Same quality 

as deck units but not less than 1.3 mm (18 gauge) s heet steel.  

4. Continuous Sheet Metal Edging: At openings and r oof deck edges. Same 

quality as deck units but not less than 1.3 mm (18 gauge) steel. Side 

and end closures and their attachment to supporting  steel shall be 

designed by the manufacturer to safely support the construction 

loads. The deflection of cantilever closures shall be limited to 3 mm 

(1/8 inch) maximum. 

5. Flexible Closure Strips: Vulcanized, closed-cell , synthetic rubber. 

6. Metal Closure Strips: For openings between decki ng and other 

construction, of not less than 1.3 mm (18 gauge) sh eet steel of the 

same quality as the deck units. Form to the configu ration required to 

provide tight-fitting closures at open ends of flut es and sides of 

decking. 

7. Weld Washers: Uncoated steel sheet, shaped to fi r deck rib, (0.0598 

inch (1.52 mm) thick, with factory-punched hole of 3/8-inch (9.5-mm) 

minimum diameter. 

8. Sump Pans for Roof Drains: Fabricated from singl e piece of minimum 

1.9 mm (14 gauge) galvanized sheet steel with level  bottoms and 

sloping sides to direct water flow to drain, unless  otherwise shown. 

Provide sump pans of adequate size to receive roof drains and with 

bearing flanges not less than 75 mm (3 inches) wide . Recess pans not 

less than 38 mm (1 1/2 inches) below roof deck surf ace, unless 

otherwise shown or required by deck configuration. Holes for drains 

will be cut in the field. 

9. Repair Paint: Manufacturer’s standard rust-inhib itive primer of same 

color as primer. 

2.2 REQUIREMENTS: 

A. Roof Deck: Fabricate panels, without top-flange stiffening grooves, to 

comply with “SDI Specifications and Commentary for Steel Roof Deck,” in 

SDI publication No. 31, and with the following: 

B. Provide steel decking of the type, depth, gauge,  and section properties 

as shown. 

 

 

C. Metal Roof Deck: Single pan fluted units with fl at horizontal top 

surfaces utilized to act as a permanent support for  all superimposed 
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loads. Comply with the depth and minimum gage requi rements as shown on 

the Contract Documents. 

1. Wide Rib (Type B) deck. 

2. Finish: Prime painted. Apply finished coat of pa int to underside of 

deck after installation. Color as selected by Archi tect. 

3. Span Condition: As indicated in Structural Gener al Notes. 

4.  Side Laps: Overlapped or interlocking seam at Contr actor’s option. 

D. Do not use steel deck for hanging supports for a ny type or kind of 

building components including suspended ceilings, e lectrical light 

fixtures, plumbing, heating, or air conditioning pi pes or ducts or 

electrical conduits. 

PART 3 - EXECUTION 

3.1 ERECTION: 

A. Do not start installation of metal decking until  corresponding steel 

framework has been plumbed, aligned and completed a nd until temporary 

shoring, where required, has been installed. Remove  any oil, dirt, 

paint, ice, water and rust from steel surfaces to w hich metal decking 

will be welded. 

B. Install deck panels and accessories according to  applicable 

specifications and commentary in SDI Publication No . 31, manufacturer’s 

written instructions, and requirements in this Sect ion. 

C. Coordinate and cooperate with structural steel e rector in locating 

decking bundles to prevent overloading of structura l members. 

D. Provide steel decking in sufficient lengths to e xtend over 3 or more 

spans, except for interstitial levels. 

E. Place deck panels on supporting frame and adjust  to final position with 

ends accurately aligned and bearing on supporting f rame before being 

permanently fastened.  Do not stretch or contract s ide-lap interlocks. 

F. Place steel decking units flat and at right angl es to supporting 

members. End laps of sheets of roof deck shall be a  minimum of 50 mm (2 

inches) and shall occur over supports. Fasten to su pporting frame 

without warp or deflection. 
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G. Provide additional reinforcement and closure pie ces at openings as 

required for strength, continuity of deck, and supp ort of other work. 

H. Comply with AWS requirements and procedures for manual shielded metal 

arch welding, appearance and quality of welds, and methods used for 

correcting welding work. 

I. mechanical fasteners may be used in lieu of weld ing to fasten deck.  

Locate mechanical fasteners and install according t o deck manufacturer’s 

written instructions. 

J. Fastening Deck Units: 

1. Fasten roof deck units to steel supporting membe rs by not less than 

16 mm (5/8 inch) diameter puddle welds or elongated  seam welds of 

equal strength, that is not less than 1-1/2” long a nd spaced not more 

than 305 mm (12 inches) o.c. in the field and 6 inc hes apart at 

corners and In addition, secure deck to each suppor ting member in 

ribs where side laps occur with minimum of 2 welds per deck unit at 

each support. Power driven fasteners may be used in  lieu of welding 

for roof deck if strength equivalent to the welding  specified above 

is provided. Submit test data and design calculatio ns verifying 

equivalent design strength. 

2. Mechanically fasten side laps  and perimeter edg es of adjacent roof 

deck units with spans greater than 1524 mm (5 feet)  between supports, 

at intervals not exceeding 915 mm (3 feet) o.c., or  midspan, 

whichever is closer, using self-tapping No. 10 or l arger carbon-steel 

machine screws. 

3. End Bearing: Install deck ends over supporting f rame with a minimum 

end bearing of 1-1/2 inches (38 mm), with end joint s lapped 2 inches 

(51 mm) minimum. 

4. Roof Sump Pans and Sump Plates: Install over ope nings provided in 

roof deck and weld flanges to top of deck. Space we lds not more than 

12 inches (305 mm) apart with at least one weld at each corner. 

5. Flexible Closure Strips: Install closure strips over partitions, 

walls and where indicated. Install with adhesive ac cording to 

manufacturer’s written instructions to ensure compl ete closure. 

6. Uplift Loading: Install and anchor roof deck uni ts to resist gross 

uplift loading of 2.1 kPa (45 psf) at eave overhang  and 1.4 kPa (30 

psf) for other roof areas. 

 

G. Cutting and Fitting: 
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1. Cut all metal deck units to proper length in the  shop prior to 

shipping. 

2. Field cutting by the metal deck erector is restr icted to bevel cuts, 

notching to fit around columns and similar items, a nd cutting 

openings that are located and dimensioned on the St ructural Drawings. 

3. Other penetrations shown on the approved metal d eck shop drawings but 

not shown on the Structural Drawings are to be loca ted, cut and 

reinforced by the trade requiring the opening. 

4. Make all cuts neat and trim using a metal saw, d rill or punchout 

device; cutting with torches is expressly prohibite d. 

5. Do not make any cuts in the metal deck that are not shown on the 

approved metal deck drawings. If an additional open ing not shown on 

the approved shop drawings is required, submit a sk etch, to scale, 

locating the required new opening and any other ope nings and supports 

in the immediate area. Do not cut the opening until  the sketch has 

been reviewed and accepted by the Resident Engineer .  Provide any 

additional reinforcing or framing required for the opening at no cost 

to the Government. Failure to comply with these req uirements is cause 

for rejection of the work and removal and replaceme nt of the affected 

metal deck. 

6. Reinforcement at Openings: Provide additional me tal reinforcement and 

closure pieces as required for strength, continuity  of decking, and 

support of other work shown. 

3.2 WELDING: 

A. Welds shall be made only by welders and welding operators who have been 

previously qualified by tests as prescribed in AWS D1.3. 

3.3 FIELD REPAIR: 

A.  Areas scarred during erection. 

B.  Repair Painting: Welds, rust spots and abraded area s to be thoroughly 

cleaned with a wire brush on both surfaces of prime -painted deck 

immediately after installation and touched-up.  

1.  Touch-up paint for shop painted units of same type and color used for 

shop painting to bottom surfaces of deck exposed to  view.  

- - - E N D - - - 
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SECTION 05 50 00 
METAL FABRICATIONS 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. This section specifies items and assemblies fabr icated from structural 

steel shapes and other materials as shown and speci fied. 

B. Items specified. 

1.  Loose Lintels 

2. Loose bearing, leveling and weld plates for appl ications where they 

are not specified in other sections. 

3. Anchor bolts and steel pipe sleeves to be cast i nto concrete or built 

into unit masonry. 

1.2 SUBMITTALS 

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT DATA, 

AND SAMPLES. 

B. Shop Drawings: 

1. Each item specified, showing complete detail, lo cation in the 

project, material and size of components, method of  joining various 

components and assemblies, finish, and location, si ze and type of 

anchors. 

2. Mark items requiring field assembly for erection  identification and 

furnish erection drawings and instructions. 

C. Furnish setting drawings and instructions for in stallation of anchors to 

be preset into concrete and masonry work, and for t he positioning of 

items having anchors to be built into concrete or m asonry construction. 

1.3 QUALITY ASSURANCE 

A. Each manufactured product shall meet, as a minim um, the requirements 

specified, and shall be a standard commercial produ ct of a manufacturer 

regularly presently manufacturing items of type spe cified. 

B. Each product type shall be the same and be made by the same 

manufacturer. 

C. Assembled product to the greatest extent possibl e before delivery to the 

site. 

1.4 APPLICABLE PUBLICATIONS 

A. The publications listed below form a part of thi s specification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. 

B. American Society of Mechanical Engineers (ASME):  
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B18.2.2-87(R2005).......Square and Hex Nuts 

C. American Society for Testing and Materials (ASTM ): 

A36/A36M-08.............Structural Steel 

A123-09.................Zinc (Hot-Dip Galvanized) C oatings on Iron and 

Steel Products 

A307-10.................Carbon Steel Bolts and Stud s, 60,000 PSI Tensile 

Strength 

C1107-08................Packaged Dry, Hydraulic-Cem ent Grout (Nonshrink) 

D. American Welding Society (AWS): 

D1.1-10.................Structural Welding Code Ste el 

 

E. Structural Steel Painting Council (SSPC)/Society  of Protective Coatings: 

SP 2-04.................No. 2, Hand Tool Cleaning 

SP 3-04.................No. 3, Power Tool Cleaning 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Structural Steel Plates, Shapes and Bars: ASTM A 36. 

B. Galvanizing Repair Paint:  High-zinc-dust-conten t paint complying with 

SSPC-Paint 20 and compatible with paints specified to be used over it. 

C. Nonshrink, Nonmetallic Grout: Factory-packaged, nonstaining, 

noncorrosive, nongaseous grout complying with ASTM C1107, pourable type. 

Provide grout specifically recommended by manufactu rer for interior and 

exterior applications. 

2.2 HARDWARE 

A. Fasteners: 

1. Bolts with Nuts:  

a. ASTM A307, Grade A for 415 MPa (60,000 psi) tens ile strength 

regular hexagon-head bolts; with hex nuts, ASTM A 5 63. 

2. Washers: ASTM F436, type to suit material and an chorage, where 

indicated. 

 

2.3 FABRICATION GENERAL 

A. Material 

1. Use material as specified. Use material of comme rcial quality and 

suitable for intended purpose for material that is not named or its 

standard of quality not specified. 

2. Use material free of defects which could affect the appearance or 

service ability of the finished product. 
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B. Size: 

1. Size and thickness of members as shown. 

2. When size and thickness is not specified or show n for an individual 

part, use size and thickness not less than that use d for the same 

component on similar standard commercial items or i n accordance with 

established shop methods. 

C. Connections 

1. Except as otherwise specified, connections may b e made by welding, 

riveting or bolting. 

2. Field riveting will not be approved. 

3. Design size, number and placement of fasteners, to develop a joint 

strength of not less than the design value. 

4. Holes, for bolts: Accurately punched or drilled and burrs removed. 

5. Size and shape welds to develop the full design strength of the parts 

connected by welds and to transmit imposed stresses  without permanent 

deformation or failure when subject to service load ings. 

D. Fasteners and Anchors 

1. Use methods for fastening or anchoring metal fab rications to building 

construction as shown or specified. 

2. Where fasteners and anchors are not shown, desig n the type, size, 

location and spacing to resist the loads imposed wi thout deformation 

of the members or causing failure of the anchor or fastener, and suit 

the sequence of installation. 

3. Use material and finish of the fasteners compati ble with the kinds of 

materials which are fastened together and their loc ation in the 

finished work. 

4. Fasteners for securing metal fabrications to new  construction only, 

may be by use of threaded or wedge type inserts or by anchors for 

welding to the metal fabrication for installation b efore the concrete 

is placed or as masonry is laid. 

5. Fasteners for securing metal fabrication to exis ting construction or 

new construction may be expansion bolts, toggle bol ts, power actuated 

drive pins, welding, self-drilling and tapping scre ws or bolts. 

E. Workmanship 

1. General: 

a. Fabricate items to design shown. 

b. Furnish members in longest lengths commercially available within 

the limits shown and specified. 
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c. Fabricate straight, true, free from warp and twi st, and where 

applicable square and in same plane. 

d. Provide holes, sinkages and reinforcement shown and required for 

fasteners and anchorage items. 

e. Provide openings, cut-outs, and tapped holes for  attachment and 

clearances required for work of other trades. 

f. Prepare members for the installation and fitting  of hardware. 

g. Cut openings in gratings and floor plates for th e passage of 

ducts, sumps, pipes, conduits and similar items. Pr ovide 

reinforcement to support cut edges. 

h. Fabricate surfaces and edges free from sharp edg es, burrs and 

projections which may cause injury. 

2. Welding: 

a. Weld in accordance with AWS. 

b. Welds shall show good fusion, be free from crack s and porosity and 

accomplish secure and rigid joints in proper alignm ent. 

c. Where exposed in the finished work, continuous w eld for the full 

length of the members joined and have depressed are as filled and 

protruding welds finished smooth and flush with adj acent surfaces. 

d. Finish welded joints to match finish of adjacent  surface. 

3. Joining: 

a. Miter or butt members at corners. 

b. Where frames members are butted at corners, cut leg of frame 

member perpendicular to surface, as required for cl earance. 

4. Anchors: 

a. Where metal fabrications are shown to be preset in concrete, weld 

32 x 3 mm (1-1/4 by 1/8 inch) steel strap anchors, 150 mm (6 

inches) long with 25 mm (one inch) hooked end, to b ack of member 

at 600 mm (2 feet) on center, unless otherwise show n. 

b. Where metal fabrications are shown to be built i nto masonry use 32 

x 3 mm (1-1/4 by 1/8 inch) steel strap anchors, 250  mm (10 inches) 

long with 50 mm (2 inch) hooked end, welded to back  of member at 

600 mm (2 feet) on center, unless otherwise shown. 

5. Cutting and Fitting: 

a. Accurately cut, machine and fit joints, corners,  copes, and 

miters. 

b. Fit removable members to be easily removed. 
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c. Design and construct field connections in the mo st practical place 

for appearance and ease of installation. 

d. Fit pieces together as required. 

e. Fabricate connections for ease of assembly and d isassembly without 

use of special tools. 

f. Joints firm when assembled. 

g. Conceal joining, fitting and welding on exposed work as far as 

practical. 

h. Do not show rivets and screws prominently on the  exposed face. 

i. The fit of components and the alignment of holes  shall eliminate 

the need to modify component or to use exceptional force in the 

assembly of item and eliminate the need to use othe r than common 

tools. 

F. Finish: 

1. Finish exposed surfaces in accordance with NAAMM  Metal Finishes 

Manual. 

3. Steel and Iron: NAAMM AMP 504. 

a. Zinc coated (Galvanized): ASTM A123, G90 unless noted otherwise. 

b. Surfaces exposed in the finished work: 

1) Finish smooth rough surfaces and remove projecti ons. 

2) Fill holes, dents and similar voids and depressi ons with epoxy 

type patching compound. 

c. Shop Prime Painting: 

1) Surfaces of Ferrous metal: 

a) Items not specified to have other coatings. 

b) Galvanized surfaces specified to have prime pain t. 

c) Remove all loose mill scale, rust, and paint, by  hand or 

power tool cleaning as defined in SSPC-SP2 and SP3.  

d) Clean of oil, grease, soil and other detrimental  matter by 

use of solvents or cleaning compounds as defined in  SSPC-

SP1. 

e) After cleaning and finishing apply one coat fast -curing, 

lead- and chromate-free, universal modified-alkyd p rimer 

complying with MPI#79 and compatible with topcoat. 

2) Non ferrous metals: Comply with MAAMM-500 series .  

G. Protection: 
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1.  Spot prime all abraded and damaged areas of zin c coating which 

expose the bare metal, using zinc rich paint on hot -dip zinc coat 

items and zinc dust primer on all other zinc coated  items. 

2.4 SUPPORTS 

A. General: 

1. Fabricate ASTM A36 structural steel shapes as sh own. 

2. Use clip angles or make provisions for welding h angers and braces to 

overhead construction. 

3. Field connections may be welded or bolted. 

 
2.5 LOOSE BEARING, LEVELING AND WELD PLATES 

A. Provide loose bearing and leveling plates for st eel items bearing on 
masonry or concrete construction.  Drill plates to receive anchor bolts 
and for grouting. 

B. Provide steel weld plates not specified in other  Sections, for items 
supported from masonry construction as needed to co mplete the Work.   

C. Galvanize plates. 

2.6 LOOSE LINTELS 

A. Furnish lintels of sizes shown. Where size of li ntels is not shown, 

provide the sizes specified. 

B. Fabricate lintels in single lengths for each ope ning with not less than 

200 mm (8 inch) bearing at each end for masonry wal ls. 

C. Galvanize loose steel lintels located in exterio r walls. 

D. Provide one angle lintel for each 100 mm (4 inch es) of masonry thickness 

as follows except as otherwise specified or shown. 

1. Openings 1800 mm (6 feet)and smaller - 100 x 100  x 6 mm (4 x 4 x 1/4 

inch). 

2. Openings 1800 mm to 2400 mm (6 feet to 8 feet) -  150 x 100 x 9 mm (6 

x 4 x 3/8 inch). 

E. Provide bearing plates for lintels where shown. 

F. Insert spreaders at bolt points to separate the angles for insertion of 

metal windows, louver, and other anchorage. 

G. Where shown or specified, punch upstanding legs of single lintels to 

suit size and spacing of anchor bolts. 
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2.7 STEEL FINISHES 

A. Comply with naamm's "metal finishes manual for a rchitectural and metal 
products" for recommendations for applying and desi gnating finishes. 

B. Finish metal fabrications after assembly. 

C. Finish exposed surfaces to remove tool and die m arks and stretch lines, 
and to blend into surrounding surface. 

D. Galvanizing:  hot-dip galvanize items as indicat ed to comply with astm a 
153/a 153m for steel and iron hardware and with ast m a 123/a 123m for 
other steel and iron products. 

1. Do not quench or apply post galvanizing treatmen ts that might 
interfere with paint adhesion. 

E. Shop prime iron and steel items not indicated to  be galvanized unless 
they are to be embedded in concrete or masonry, or unless otherwise 
indicated. 

1. Shop prime with universal shop primer. 

F. Preparation for shop priming:  prepare surfaces to comply with sspc-sp 
3, "power tool cleaning." 

G. Shop priming:  apply shop primer to comply with sspc-pa 1, "paint 
application specification no. 1:  shop, field, and maintenance painting 
of steel," for shop painting. 

1. Stripe paint corners, crevices, bolts, welds, an d sharp edges. 

 
PART 3 - EXECUTION 

3.1 INSTALLATION, GENERAL 

A. Set work accurately, in alignment and where show n, plumb, level, free of 

rack and twist, and set parallel or perpendicular a s required to line 

and plane of surface. 

B. Items set into concrete or masonry. 

1. Provide temporary bracing for such items until c oncrete or masonry is 

set. 

2. Place in accordance with setting drawings and in structions. 

3. Build strap anchors, into masonry as work progre sses. 

C. Field weld in accordance with AWS. 

1. Design and finish as specified for shop welding.  

2. Use continuous weld unless specified otherwise. 
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D. Install anchoring devices and fasteners as shown  and as necessary for 
securing metal fabrications to building constructio n as specified. 3.2 
installing bearing and leveling plates 

E. Clean concrete and masonry bearing surfaces of b ond-reducing materials, 
and roughen to improve bond to surfaces.  Clean bot tom surface of 
plates. 

F. Set bearing and leveling plates on wedges, shims , or leveling nuts.  
After bearing members have been positioned and plum bed, tighten anchor 
bolts.  Do not remove wedges or shims but, if protr uding, cut off flush 
with edge of bearing plate before packing with grou t. 

1. Use nonshrink grout, nonmetallic, in concealed l ocations where not 
exposed to moisture; use nonshrink, nonmetallic gro ut in exposed 
locations unless otherwise indicated. 

2. Pack grout solidly between bearing surfaces and plates to ensure that 
no voids remain. 

3.3 STEEL LINTELS 

A. Use lintel sizes and combinations shown or speci fied. 

B. Install lintels with longest leg upstanding. 

C. Install lintels to have not less than 200 mm (8 inch) bearing at each 

end for masonry walls. 

3.4 CLEAN AND ADJUSTING 

A. Adjust movable parts including hardware to opera te as designed without 

binding or deformation of the members centered in t he opening or frame 

and, where applicable, contact surfaces fit tight a nd even without 

forcing or warping the components. 

B. Clean after installation exposed prefinished and  plated items and items 

fabricated from stainless steel, aluminum and coppe r alloys, as 

recommended by the metal manufacture and protected from damage until 

completion of the project. 

C. Touchup Painting:  Immediately after erection, c lean field welds, bolted 

connections, and abraded areas.  Paint uncoated and  abraded areas with 

the same material as used for shop painting to comp ly with SSPC-PA 1 for 

touching up shop-painted surfaces. 

1. Apply by brush or spray to provide a minimum 2.0 -mil (0.05-mm) dry 

film thickness. 

D. Galvanized Surfaces:  Clean field welds, bolted connections, and abraded 

areas and repair galvanizing to comply with ASTM A 780. 

- - - E N D - - - 
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SECTION 06 10 00 
ROUGH CARPENTRY 

 
PART 1 - GENERAL 

1.1 DESCRIPTION: 

Section specifies wood blocking. 

1.2 RELATED WORK: 

1.3 SUMBITTALS: 

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT DATA, 

AND SAMPLES. 

1.4 PRODUCT DELIVERY, STORAGE AND HANDLING: 

A. Protect lumber and other products from dampness both during and after 

delivery at site. 

B. Pile lumber in stacks in such manner as to provi de air circulation 

around surfaces of each piece. 

C. Locate stacks on well drained areas, supported a t least 150 mm (6 

inches) above grade and cover with well ventilated sheds having firmly 

constructed over hanging roof with sufficient end w all to protect lumber 

from driving rain.  

1.5 APPLICABLE PUBLICATIONS: 

A. Publications listed below form a part of this sp ecification to extent 

referenced. Publications are referenced in the text  by basic designation 

only. 

B. American Society of Mechanical Engineers (ASME):  

B18.2.1-96(R2005).......Square and Hex Bolts and Sc rews 

B18.2.2-87..............Square and Hex Nuts 

B18.6.1-97..............Wood Screws 

B18.6.4-98(R2005).......Thread Forming and Thread C utting Tapping Screws 

and Metallic Drive Screws 

C. American Plywood Association (APA): 

E30-07..................Engineered Wood Constructio n Guide 

D. American Society for Testing And Materials (ASTM ): 

A653/A653M-10...........Steel Sheet Zinc-Coated (Ga lvanized) or Zinc-

Iron Alloy Coated (Galvannealed) by the Hot Dip 

Process 

D1760-01................Pressure Treatment of Timbe r Products 

F844-07.................Washers, Steel, Plan (Flat)  Unhardened for 

General Use 
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F1667-08................Nails, Spikes, and Staples 

E.  Commercial Item Description (CID): 

A-A-55615...............Shield, Expansion (Wood Scr ew and Lag Bolt Self 

Threading Anchors) 

F. Military Specification (Mil. Spec.): 

MIL-L-19140E............Lumber and Plywood, Fire-Re tardant Treated 

G. U.S. Department of Commerce Product Standard (PS ) 

PS 1-95.................Construction and Industrial  Plywood 

PS 20-05................American Softwood Lumber St andard 

PART 2 - PRODUCTS 

2.1 LUMBER: 

A. Unless otherwise specified, each piece of lumber  bear grade mark, stamp, 

or other identifying marks indicating grades of mat erial, and rules or 

standards under which produced.  

1. Identifying marks in accordance with rule or sta ndard under which 

material is produced, including requirements for qu alifications and 

authority of the inspection organization, usage of authorized 

identification, and information included in the ide ntification.  

2. Inspection agency for lumber approved by the Boa rd of Review, 

American Lumber Standards Committee, to grade speci es used. 

 
B. Lumber Other Than Structural: 

1. Unless otherwise specified, species graded under  the grading rules of 

an inspection agency approved by Board of Review, A merican Lumber 

Standards Committee. 

2. Framing lumber: Minimum extreme fiber stress in bending of 1100. 

3. Furring, blocking, nailers and similar items 100  mm (4 inches) and 

narrower Standard Grade; and, members 150 mm (6 inc hes) and wider, 

Number 2 Grade. 

C. Sizes: 

1. Conforming to Prod. Std., PS20. 

2. Size references are nominal sizes, unless otherw ise specified, actual 

sizes within manufacturing tolerances allowed by st andard under which 

produced. 

D. Moisture Content: 

1. At time of delivery and maintained at the site. 

2. Boards and lumber 50 mm (2 inches) and less in t hickness: 19 percent 

or less. 
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3. Lumber over 50 mm (2 inches) thick: 25 percent o r less. 

E. Fire Retardant Treatment: 

1. Mil Spec. MIL-L-19140 with piece of treated mate rial bearing 

identification of testing agency and showing perfor mance rating. 

2. Treatment and performance inspection, by an inde pendent and qualified 

testing agency that establishes performance ratings . 

F. Preservative Treatment: 

1. Do not treat Heart Redwood and Western Red Cedar . 

2. Treat wood members and plywood exposed to weathe r or in contact with 

plaster, masonry or concrete, including framing of open roofed 

structures; sills, sole plates, furring, and sleepe rs that are less 

than 600 mm (24 inches) from ground; nailers, edge strips, blocking, 

crickets, curbs, cant, vent strips and other member s used in 

connection with roofing and flashing materials. 

3. Treat other members specified as preservative tr eated (PT). 

4. Preservative treat by the pressure method comply ing with ASTM D1760, 

except any process involving the use of Chromated C opper arsenate 

(CCA) for pressure treating wood is not permitted. 

 
 

2.2 ROUGH HARDWARE AND ADHESIVES: 

A. Screws: 

1. Wood to Steel: ASTM C954, or ASTM C1002. 

B. Nails: 

1. Size and type best suited for purpose unless not ed otherwise. Use 

aluminum-alloy nails, plated nails, or zinc-coated nails, for nailing 

wood work exposed to weather and on roof blocking. 

2. ASTM F1667: 

a. Common: Type I, Style 10. 

 
PART 3 - EXECUTION 

3.1 INSTALLATION OF FRAMING AND MISCELLANEOUS WOOD MEMBERS: 

A. Conform to applicable requirements of the follow ing: 

1. AFPA WCD-number 1, Manual for House Framing for nailing and framing 

unless specified otherwise. 

B. Fasteners: 

1. Nails. 

a. Nail in accordance with the Recommended Nailing Schedule as 

specified in AFPA Manual for House Framing where de tailed nailing 
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requirements are not specified in nailing schedule.  Select nail 

size and nail spacing sufficient to develop adequat e strength for 

the connection without splitting the members. 

d. Use eight penny or larger nails for nailing thro ugh 25 mm (1 inch) 

thick lumber and for toe nailing 50 mm (2 inch) thi ck lumber. 

e. Use 16 penny or larger nails for nailing through  50 mm (2 inch) 

thick lumber. 

2. Drill Screws to steel less than 2.84 mm (0.112 i nch) thick. 

a. ASTM C1002 for steel less than 0.84 mm (0.033 in ch) thick. 

b. ASTM C 954 for steel over 0.84 mm (0.033 inch) t hick. 

3. Screws to Join Wood: 

a. Where shown or option to nails. 

b. ASTM C1002, sized to provide not less than 25 mm  (1 inch) 

penetration into anchorage member. 

c. Spaced same as nails. 

C. Cut notch, or bore in accordance with NFPA Manua l for House-Framing for 

passage of ducts wires, bolts, pipes, conduits and to accommodate other 

work. Repair or replace miscut, misfit or damaged w ork. 

D. Blocking Nailers, and Furring: 

1. Install furring, blocking, nailers, and grounds where shown. 

2. Use longest lengths practicable. 

3. Use fire retardant treated wood blocking where s hown at openings and 

where shown or specified. 

4. Layers of Blocking or Plates: 

a. Stagger end joints between upper and lower piece s. 

b. Nail at ends and not over 600 mm (24 inches) bet ween ends. 

c. Stagger nails from side to side of wood member o ver 125 mm (5 

inches) in width. 

- - - E N D - - - 



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

07 21 13 - 1 

SECTION 07 21 13 
THERMAL INSULATION 

 
PART 1 - GENERAL 

1.1 DESCRIPTION: 

A. This section specifies thermal insulation for bu ildings. 

1.2 RELATED WORK  

A. Insulation in connection with roofing and waterp roofing: Section 07 22 

00, ROOF AND DECK INSULATION. 

1.3 SUBMITTALS: 

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT 

DATA, AND SAMPLES .  

B. Manufacturer's Literature and Data:  

1. Insulation, each type used  

2. Adhesive, each type used.  

3. Tape  

C. Certificates: Stating the type, thickness and "R " value (thermal 

resistance) of the insulation to be installed.  

1.4 STORAGE AND HANDLING: 

A. Store insulation materials in weathertight enclo sure.  

B. Protect insulation from damage from handling, we ather and construction 

operations before, during, and after installation.  

1.5 APPLICABLE PUBLICATIONS: 

A. The publications listed below form a part of thi s specification to the 

extent referenced. The publications are referenced in the text by basic 

designation only. 

B. American Society for Testing and Materials (ASTM ): 

C552-07.................Cellular Glass Thermal Insu lation. 

C553-08.................Mineral Fiber Blanket Therm al Insulation for 

Commercial and Industrial Applications 

C591-09.................Unfaced Preformed Rigid Cel lular 

Polyisocynurate Thermal Insulation 

E84-10..................Surface Burning Characteris tics of Building 

Materials 

F1667-11................Driven Fasteners: Nails, Sp ikes and Staples. 
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PART 2 - PRODUCTS  

2.1 INSULATION – GENERAL: 

A. Where thermal resistance ("R" value) is specifie d or shown for 

insulation, the thickness shown on the drawings is nominal. Use only 

insulation with actual thickness that is not less t han that required to 

provide the thermal resistance specified.  

B. Where "R" value is not specified for insulation,  use the thickness 

shown on the drawings.  

C. Where more than one type of insulation is specif ied, the type of 

insulation for each use is optional, except use onl y one type of 

insulation in any particular area.  

2.2 MASONRY CAVITY WALL INSULATION: 

A. Polyisocyanurate Board: ASTM C591, Type I, faced  with a vapor retarder 

having a perm rating of not more than 0.5.  

2.3 PERIMETER INSULATION IN CONTACT WITH SOIL: 

A. Polystyrene Board: ASTM C578, Type IV, V, VI, VI I, or IX where covered 

by soil or concrete.  

2.4 FASTENERS: 

A. Staples or Nails: ASTM F1667, zinc-coated, size and type best suited 

for purpose.  

B. Screws: ASTM C954 or C1002, size and length best  suited for purpose 

with washer not less than 50 mm (two inches) in dia meter. 

2.5 ADHESIVE: 

A. As recommended by the manufacturer of the insula tion.  

2.6 TAPE: 

A. Pressure sensitive adhesive on one face.  

B. Perm rating of not more than 0.50.  

PART 3 - EXECUTION  

3.1 INSTALLATION - GENERAL 

A. Install insulation with the vapor barrier facing  the heated side, 

unless specified otherwise.  

B. Install rigid insulating units with joints close  and flush, in regular 

courses and with cross joints broken.  

C. Fit insulation tight against adjoining construct ion and penetrations, 

unless specified otherwise.  
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3.2 MASONRY CAVITY WALLS: 

A. Mount insulation on exterior faces of inner wyth es of masonry cavity 

walls and brick faced concrete walls. Fill joints w ith same material 

used for bonding.  

B. Bond polystyrene board to surfaces with adhesive  or Portland cement 

mortar mixed and applied in accordance with recomme ndations of 

insulation manufacturer.  

3.3 PERIMETER INSULATION: 

A. Vertical insulation:  

1. Fill joints of insulation with same material use d for bonding.  

2. Bond polystyrene board to surfaces with adhesive  or Portland cement 

mortar mixed and applied in accordance with recomme ndations of 

insulation manufacturer.  

3. Bond cellular glass insulation to surfaces with hot asphalt or 

adhesive cement. 

B. Horizontal insulation under concrete floor slab:   

1. Lay insulation boards and blocks horizontally on  level, compacted 

and drained fill. 

2. Extend insulation from foundation walls towards center of building 

not less than 600 mm (24 inches) or as shown.  

- - - E N D - - -  
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SECTION 07 22 00 
ROOF AND DECK INSULATION 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. Roof and deck insulation on new and existing con struction ready to 

receive roofing or waterproofing membrane. 

1.2 RELATED WORK  

A. Wood cants, blocking, and edge strips: Section 0 6 10 00, ROUGH 

CARPENTRY. 

B. Perimeter, rigid, and batt or blanket insulation  not part of roofing 

system: Section 07 21 13, THERMAL INSULATION. 

C. Sheet metal components and wind uplift requireme nts for roof-edge 

design: Section 07 60 00, FLASHING AND SHEET METAL.  

1.3 APPLICABLE PUBLICATIONS 

A. Publications listed below form a part of this sp ecification to the 

extent referenced. Publications are referenced in t he text by the basic 

designation only. Editions of applicable publicatio ns current on date 

of issue of bidding documents apply unless otherwis e indicated. 

B. American Society of Heating, Refrigeration and A ir Conditioning 

(ASHRAE): 

90.1-07.................Energy Standard for Buildin gs Except Low-Rise 

Residential Buildings 

C. ASTM International (ASTM): 

C1289-10................Faced Rigid Cellular Polyis ocyanurate Thermal 

Insulation Board 

D41-05..................Asphalt Primer Used in Roof ing, Dampproofing, 

and Waterproofing  

D312-06.................Asphalt Used in Roofing 

D2822-05................Asphalt Roof Cement 

D4586-07................Standard Specification for Asphalt Roof Cement, 

Asbestos-Free 

E84-09..................Standard Test Method for Su rface Burning 

Characteristics of Building Material 
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D. FM Approvals: RoofNav Approved Roofing Assemblie s and Products.  

4470-10.................Approved Standard for Class  1 Roof Coverings 

1-28-09.................Loss Prevention Data Sheet:  Design Wind Loads. 

1-29-09.................Loss Prevention Data Sheet:  Above-Deck Roof 

Components 

1-49-09.................Loss Prevention Data Sheet:  Perimeter Flashing 

E. National Roofing Contractors Association: Roofin g and Waterproofing 

Manual 

F. Underwriters Laboratories, Inc. (UL): Fire Resis tance Directory (2009) 

1.4 PERFORMANCE REQUIREMENTS 

A. Thermal Performance:  Provide roof insulation me eting minimum overall 

average R-value of 33, with minimum R-value at any location of 10. 

B. FM Approvals:  Provide roof insulation complying  with requirements in 

FM Approvals 4450 and 4470 as part of specified roo fing system, listed 

in FM Approvals "RoofNav" as part of roofing system  meeting 

Fire/Windstorm Classification in Division 07 roofin g section. 

1.5 QUALITY CONTROL  

A. Requirements of Division 07 roofing section for qualifications of 

roofing system insulation Installer; Work of this S ection shall be 

performed by same Installer. 

B. Requirements of Division 07 roofing section for inspection of Work of 

this Section and qualifications of Inspector. 

C. Unless specified otherwise, comply with the reco mmendations of the NRCA 

"Roofing and Waterproofing Manual" applicable to in sulation for 

storage, handling, and application. 

D. Requirements of roofing system uplift pressure d esign for specified 

roofing system. 

E. Requirements of applicable FM Approval for speci fied roofing system 

insulation attachment. 

1.6 SUBMITTALS  

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT 

DATA, AND SAMPLES.  

B. Product Data:  

1. Asphalt and adhesive materials, each type. 
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2. Roofing cement, each type. 

3. Roof insulation, each type. 

4. Fastening requirements. 

5. Insulation span data for flutes of metal decks. 

C. Shop Drawings:  Include plans, sections, details , and attachments. 

1. Nailers, cants, and terminations. 

2. Layout of insulation showing slopes, tapers, pen etration, and edge 

conditions. 

D. Samples: 

1. Roof insulation, each type. 

E. Certificates:  

1. Indicating type, thermal conductance, and minimu m and average 

thickness of insulation.  

2. Indicating materials and method of application o f insulation system 

meet the requirements of FM Approvals for specified  roofing system. 

F. Laboratory Test Reports: Thermal values of insul ation products. 

G. Layout of tapered roof system showing units requ ired. 

H. Documentation of supervisors' and inspectors' qu alifications.  

1.7 DELIVERY, STORAGE AND MARKING  

A. Comply with the recommendations of the NRCA "Roo fing and Waterproofing 

Manual" applicable to built-up roofing for storage,  handling and 

installation requirements. 

PART 2 - PRODUCTS  

2.1 ADHESIVE MATERIALS  

A. Adhesive Materials, General:  Adhesive and seala nt materials 

recommended by roofing system manufacturer for inte nded use, identical 

to materials utilized in approved listed roofing sy stem, and compatible 

with roofing membrane. 

1. Liquid-type adhesive materials shall comply with  VOC limits of 

authorities having jurisdiction. 

2. Adhesives and sealants that are not on the exter ior side of weather 

barrier shall comply with the following limits for VOC content when 

calculated according to 40 CFR 59, Subpart D (EPA M ethod 24): 

a. Plastic Foam Adhesives:  50 g/L. 
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b. Multipurpose Construction Adhesives:  70 g/L. 

c. Fiberglass Adhesives:  80 g/L. 

d. Contact Adhesives:  80 g/L. 

e. Other Adhesives:  250 g/L. 

f. Nonmembrane Roof Sealants:  300 g/L. 

g. Sealant Primers for Nonporous Substrates:  250 g /L. 

h. Sealant Primers for Porous Substrates:  775 g/L.  

B. Primer: ASTM D41.  

C. Asphalt: ASTM D312, Type III or IV for vapor ret arders and insulation.  

D. Modified Asphaltic Insulation Adhesive:  Insulat ion manufacturer's 

recommended modified asphaltic, asbestos-free, cold -applied adhesive 

formulated to attach roof insulation to substrate o r to another 

insulation layer. 

E. Full-Spread Applied Urethane Insulation Adhesive :  Insulation 

manufacturer's recommended spray-applied, low-rise,  two-component 

urethane adhesive formulated to attach roof insulat ion to substrate or 

to another insulation layer. 

F. Roof Cement: Asbestos free, ASTM D2822, Type I o r Type II, ; or, D4586, 

Type I or Type II.  

2.2 ROOF AND DECK INSULATION  

A. Roof and Deck Insulation, General:  Preformed ro of insulation boards 

approved by roofing manufacturer and listed as comp onent of FM 

Approvals-approved roofing system. 

B. Polyisocyanurate Board Insulation: ASTM C1289, T ype II, Class 1, Grade 

2, felt or glass-fiber mat facer on both major surf aces. 

C. Tapered Roof Insulation System:  

1. Fabricate of polyisocyanurate. Use only one insu lation material for 

tapered sections.  Use only factory-tapered insulat ion. 

2. Cut to provide high and low points with crickets  and slopes as 

shown.  

3. Minimum thickness of tapered sections; 38 mm (1- 1/2 inch). 

4. Minimum slope 1:48 (1/4 inch per 12 inches). 

2.3 INSULATION ACCESSORIES  

A. Glass (Felt): ASTM D2178, Type VI, heavy duty pl y sheet.  
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PART 3 - EXECUTION  

3.1 EXAMINATION 

A. Comply with requirements of Division 07 roofing section. 

3.2 PREPARATION 

A. Comply with requirements of Division 07 roofing section. 

3.3 RIGID INSULATION INSTALLATION  

A. Insulation Installation, General: 

1. Install roof insulation in accordance with roofi ng system 

manufacturer's written instructions. 

2. Install roof insulation in accordance with requi rements of FM 

Approval's Listing for specified roofing system. 

B. Insulation Thickness:  

1. Thickness of roof insulation shown on drawings i s nominal. Actual 

thickness shall provide the average thermal resista nce "R" value of 

not less than that specified in Performance Require ments Article. 

2. Insulation on Metal Decks:  Provide minimum thic kness of insulation 

for metal decks recommended by the insulation manuf acturer to span 

rib opening (flute size) of metal deck used.  Suppo rt edges of 

insulation on metal deck ribs. 

3. When thickness of insulation to be used is more or less than that 

shown on the drawings, make adjustments in the alig nment and 

location of roof drains, flashing, gravel stops, fa scias and similar 

items at no additional cost to the Government.  

4. Where tapered insulation is used, the thickness of the insulation at 

high points and roof edges shall be as shown on the  drawings; the 

thickness at the low point (drains) shall be not le ss than 38 mm 

(1-1/2 inches). 

5. Use not less than two layers of insulation when insulation is 68 mm 

(2.7 inch) or more in thickness unless specified ot herwise. Stagger 

joints minimum 150 mm (6 inches). 

C. Lay insulating units with close joints, in regul ar courses and with 

cross joints broken. When laid in more than one lay er, break joints of 

succeeding layers of roof insulation with those in preceding layer. 
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D. Seal all cut edges at penetrations and at edges against blocking with 

bitumen or roof cement.  

E. Cut to fit tight against blocking or penetration s.  

F. Cover all insulation installed on the same day; comply with temporary 

protection requirements of Division 07 roofing sect ion.  

G. Installation Method: 

1. Adhered Insulation: 

a. Prime substrate as required. 

d. Set each layer of insulation firmly in uniform a pplication of 

full-spread insulation adhesive. 

 

- - - E N D - - - 
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SECTION 07 53 23 
ETHYLENE-PROPYLENE-DIENE-MONOMER ROOFING 

 
PART 1 GENERAL  

1.1 DESCRIPTION  

A. Ethylene Propylene Diene Monomer (EPDM) sheet ro ofing ballasted .  

1.2 RELATED WORK 

A. Treated wood framing, blocking, and nailers: Sec tion 06 10 00, ROUGH 

CARPENTRY. 

B. Roof Insulation: Section 07 22 00, ROOF AND DECK  INSULATION.  

C. Metal cap flashings, copings, fascias, and expan sion joints: Section 07 

60 00, FLASHING AND SHEET METAL. 

1.3 QUALITY ASSURANCE  

A. Approved applicator by the membrane roofing syst em manufacturer, and 

certified by the manufacturer as having the necessa ry expertise to 

install the specific system.  

B. Pre-Roofing Meeting:  

1. Upon completion of roof deck installation and pr ior to any roofing 

application, hold a pre-roofing meeting arranged by  the Contractor 

and attended by the Roofing Inspector, Material Man ufacturers 

Technical Representative, Roofing Applicator, Contr actor, and 

Resident Engineer,  

2. Discuss specific expectations and responsibiliti es, construction 

procedures, specification requirements, application , environmental 

conditions, job and surface readiness, material sto rage, and 

protection. 

3. Inspect roof deck at this time to:  

a. Verify that work of other trades which penetrate s roof deck is 

completed.  

b. Determine adequacy of deck anchorage, presence o f foreign 

material, moisture and unlevel surfaces, or other c onditions that 

would prevent application of roofing system from co mmencing or 

cause a roof failure.  

c. Examine samples and installation instructions of  manufacturer.  

1.4 SUBMITTALS  

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT DATA, 

AND SAMPLES.  

B. Applicators approval certification by manufactur er.  
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C. Shop Drawings:  

1. Sheet membrane layout.  

3. Termination details.  

D. Manufacturers installation instructions revised for project.  

E. Samples: 

1. Sheet membrane: One 150 mm (6 inch) square piece .  

2. Sheet flashing: One 150 mm (6 inch) square piece .  

4. Welded seam: Two 300 mm (12 inch) square samples  of welded seams to 

represent quality of field welded seams.  

1.5 DELIVERY, STORAGE AND HANDLING  

A. Deliver, store, and handle materials as specifie d by manufacturer.  

B. Store volatile materials separate from other mat erials with separation 

to prevent fire from damaging the work, or other ma terials.  

1.6 WARRANTY 

A. Roofing work subject to the terms of the Article  “Warranty of 

Construction”, FAR clause 52.246-21, except extend the warranty period 

to  twenty years.  

1.7 APPLICABLE PUBLICATIONS  

A. Publications listed below form a part of this sp ecification to the 

extent referenced. Publications are referenced in t he text by the basic 

designation only.  

B. American Society for Testing and Materials (ASTM ):  

A167-99(R2009)..........Stainless and Heat-Resistin g Chromium-Nickel 

Steel Plate, Sheet and Strip 

B209-07.................Aluminum and Aluminum-Alloy  Sheet and Plate 

D751-06.................Coated Fabrics  

D2240-05(R2010).........Rubber Property - Durometer  Hardness  

D3884-09................Abrasive Resistance of Text ile Fabrics (Rotary 

Platform, Double-Head Method) 

D4637-10................EPDM Sheet Used in Single-P ly Roof Membrane 

D4586-07................Asphalt Roof Cement, Asbest os Free 

E96-10..................Water Vapor Transmission of  Materials  

E108-10.................Fire Tests of Roof Covering s 

G21-09..................Resistance of Synthetic Pol ymeric Materials to 

Fungi 

 

C. National Roofing Contractors Association (NRCA):   

Fifth Edition - 05......The NRCA Roofing and Waterp roofing Manual. 
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D. Federal Specifications (Fed. Spec.)  

FF-S-107C(2)............Screws, Tapping and Drive  

FF-S-111D(1)............Screw, Wood  

UU-B-790A...............Building Paper, Vegetable F iber (Kraft,  

Waterproofed, Water Repellent and Fire 

Resistant)  

E. Factory Mutual Engineering and Research Corporat ion (FM): 

Annual Issue............Approval Guide Building Mat erials 

F. Underwriters Laboratories, Inc (UL): 

Annual Issue............Building Materials Director y 

Annual Issue............Fire Resistance Directory 

G. Warnock Hersey (WH): 

Annual Issue............Certification Listings 

PART 2 - PRODUCTS  

 
2.1 EPDM SHEET ROOFING  

A. Conform to ASTM D4637, Type I, Grade 1,  black c olor .  

B. Additional Properties:  

PROPERTY TEST METHOD REQUIREMENT 

Shore A Hardness ASTM D2240 55 to 75 Durometer 

Water Vapor Permeance ASTM E96 Minimum 0.14 perms 
Water Method 

Fungi Resistance ASTM G21 After 21 days, no 
sustained growth or 
discoloration. 

Fire Resistance ASTM E108 
Class A 

No Combustion Beyond 
Flame/Heat Source 

 

C. Thickness: 

1. Use 1.14 mm (0.045-inch) thick sheet for  ballas ted system . 

2.2 EPDM FLASHING SHEET  

A. Conform to ASTM D4637, Type I, Grade 1, Class U,  unreinforced, color, 

same as roof membrane modified as specified for fla shing.  

B. Self curing EPDM flashing, adaptable to irregula r shapes and surfaces.  

C. Minimum thickness 1.5 mm (0.060-inch).  

2.3 MISCELLANEOUS ROOFING MEMBRANE MATERIALS  

A. Sheet roofing manufacturers specified products.  

B. Splice Adhesive: For roofing and flashing sheet.   

C. Lap Sealant: Liquid EPDM rubber for roofing shee t exposed lap edge. 
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D. Bonding Adhesives: Neoprene, compatible with roo fing membrane, flashing 

membrane, insulation, metals, concrete, and masonry  for bonding roofing 

and flashing sheet to substrate. 

E. Fastener Sealer: One part elastomeric adhesive s ealant. 

F. Temporary Closure Sealers (Night Sealant): Polyu rethane two part sealer.  

G. Primers, Splice Tapes, Cleaners, and Butyl Rubbe r Seals: As specified by 

roof membrane manufacturer.  

H. Asphalt Roof Cement: ASTM D4586. 

2.4 BALLAST AND PAVERS  

A. Aggregate:  

1. Conform to ASTM D1863.  

2. Gradation conform to ASTM D448: 

a. Size 2 for 146 kg/m 2 (30 pounds per square foot) or more. 

PART 3 - EXECUTION  

3.1 GENERAL  

A. Do not apply if deck will be used for subsequent  work platform, storage 

of materials, or staging or scaffolding will be ere cted thereon unless 

protection provided to distribute loads less than o ne-half compression 

resistance of roofing system materials. 

1. Curbs, blocking, edge strips, and other componen ts to which roofing 

and base flashing is attached in place ready to rec eive insulation 

and, roofing.  

2. Coordinate roof operation with sheet metal work and roof insulation 

work so that insulation and flashing are installed concurrently to 

permit continuous roofing operations. 

3. Complete installation of flashing, insulation, a nd roofing in the 

same day except for the area where temporary protec tion is required 

when work is stopped. 

B. Phased construction is not permitted. The comple te installation of 

roofing system is required in the same day except f or area where 

temporary protection is required when work is stopp ed. Complete 

installation includes pavers and ballast for ballas ted systems. 

C. Dry out surfaces , including the flutes of metal  deck,  that become wet 

from any cause during progress of the work before r oofing work is 

resumed.  

D. Apply materials only to dry substrates.  

E. Except for temporary protection specified, do no t apply materials during 

damp or rainy weather, during excessive wind condit ions, nor while 
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moisture (dew, snow, fog, ice, or frost) is present  in any amount in or 

on the materials. 

1. Do not apply materials to substrate having tempe rature of 4°C (40 

degrees F) or less, or when materials applied with the roof require 

higher application temperature.  

2. Do not apply materials when the temperature is b elow 4°C (40 degrees 

F). 

F. Temporary Protection:  

1. Install temporary protection consisting of a tem porary seal and water 

cut-offs at the end of each day's work and when wor k is halted for an 

indefinite period or work is stopped when precipita tion is imminent. 

2. Temporarily seal exposed surfaces of insulation within the roofing 

membrane. 

3. Do not leave insulation surfaces or edges expose d.  

4. Use polyethylene film or building paper to separ ate roof sheet from 

bituminous materials.  

5. Apply the temporary seal and water cut off by ex tending the roof 

membrane beyond the insulation and securely embeddi ng the edge of the 

roof membrane in 6 mm (1/4 inch) thick by 50 mm (2 inches) wide strip 

of temporary closure sealant (night sealant) and we ight edge with 

sandbags, to prevent displacement; space sandbags n ot over 2400 mm (8 

foot) centers. Check daily to insure temporary seal  remains 

watertight. Reseal open areas and weight down. 

6. Before the work resumes, cut off and discard por tions of the roof 

membrane in contact with roof cement or bituminous materials. 

a. Cut not less than 150 mm (6 inches) back from bi tuminous coated 

edges or surfaces. 

b. Remove temporary polyethylene film or building p aper.  

7. Remove and discard sandbags contaminated with bi tuminous products.  

8. For roof areas that are to remain intact and tha t are subject to foot 

traffic and damage, provide temporary wood walkways  with notches in 

sleepers to permit free drainage.  

9. Provide 2 mm (6 mil) polyethylene sheeting or bu ilding paper cover 

over roofing membrane under temporary wood walkways  and adjacent 

areas. Round all edges and corners of wood bearing on roof surface.  



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

07 53 23 - 6 

3.2 PREPARATION  

  A. Test pull out resistance of fasteners in deck in the presence of the 

Resident Engineer before starting roofing work. Tes ts are not required 

for wood. 

1. Test applicable fastener type in applicable deck . 

2. Install fasteners through a sample of the insula tion, if any is to be 

used, into the structural deck.  

3. Test the pull out resistance with a pull out tes ter.  

4. Test one fastener in each deck level and one for  every 230 m² (2500 

square feet) of deck type and level.  

5. Test at locations designated by Resident Enginee r.  

6. Do not proceed with the roofing work if the pull  out resistance of 

the fasteners is less than specified.  

7. Test results:  

a. Repeat tests using other type fasteners or use a dditional 

fasteners to stay within the pullout load resistanc e criteria.  

b. Patch cementitious deck to repair areas of faste ner tests holes.// 

B. Remove dirt, debris, and surface moisture. Cover  or fill voids greater 

than 6 mm (1/4 inch) wide to provide solid support for roof membrane.  

C. Install separation sheet over bituminous materia l on deck surface 

lapping edges and ends 150 mm (6 inches) or as reco mmended by roof 

membrane manufacturer.  

1. Do not install of separation sheet beyond what c an be covered by 

roofing membrane each day.  

2. Use polyethylene, or building paper, that will b e compatible with 

seaming method. 

3. Insure separation sheet completely isolates bitu minous materials from 

EPDM roofing membrane. 

4. Turn up at penetrations, or other surfaces where  bituminous materials 

occur, to cover bituminous product.  

5. Turn down over edges of blocking at perimeters t o cover blocking.  

3.3 INSTALLATION OF ROOFING AND FLASHING  

A. Do not allow the membrane to come in contact wit h surfaces contaminated 

with asphalt, coal tar, oil, grease, or other subst ances which are not 

compatible with EPDM roofing membrane.  

B. If possible, install the membrane so the sheets run perpendicular to the 

long dimension of the insulation boards.  
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C. If possible, start at the low point of the roof and work towards the 

high point. Lap the sheets so the flow of water is not against the edges 

of the sheet.  Coordinate with roof insulation inst allation.  

D. Position the membrane so it is free of buckles a nd wrinkles.  

E. Roll sheet out on deck; inspect for defects as s heet is being rolled out 

and remove defective areas: 

1. Allow 30 minutes for relaxing before proceeding.   

2. Lap edges and ends of sheets 75 mm (3 inches) or  more as recommended 

by the manufacturer. Clean lap surfaces as specifie d by manufacturer.  

3. Adhesively splice laps. Apply pressure as requir ed. Seam strength of 

laps as required by ASTM D4637.  

4. Check seams to ensure continuous adhesion and co rrect defects. 

5. Finish edges of laps with a continuous beveled b ead of lap sealant to 

sheet edges to provide smooth transition as specifi ed by 

manufacturer. 

6. Finish seams as the membrane is being installed (same day).  

7. Anchor perimeter to deck or wall as specified.  

3.4 INSTALLATION OF BALLAST SYSTEM AND PAVERS  

A. Install as soon as roof membrane is laid. 

B. Protective underpayment installation under balla st: 

1. Loose lay protection mat or separation sheet ove r roof membrane 

smooth and free of tension and stress without wrink les. Do not 

stretch sheet. 

2. Use full sheet width at perimeters with end laps  held back not less 

than 3 m (10 feet) from roof edge at corners. 

3. Lap ends not less than 300 mm (one foot). 

4. Extend 50 to 75 mm (2 to 3 inches) above ballast  at perimeter and 

penetrations. 

C. Installation of aggregate: 

1. Except where pavers are used, uniformly distribu te aggregate over the 

protection mat. 

2. Place ___30___ kg/m 2 (pounds per square foot) over a 1800 mm (6 foot) 

wide area around the perimeter, for an 3300 mm (11 foot) square 

corner area, for a 1200 mm (4 foot) square area aro und drains, and a 

1200 mm (4 foot) wide area around penetrations over  600 mm (2 feet) 

square more than 1800 mm (6 feet) from the roof edg e. 

3. Place ___30__ kg/m 2 (pounds per square foot) over remaining roof 

areas.  
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3.5 FIELD QUALITY CONTROL 

A. Examine and probe seams in the membrane and flas hing in the presence of 

the Resident Engineer and Membrane Manufacturer's I nspector.  

B. Probe the edges of welded seams with a blunt tip ped instrument. Use 

sufficient hand pressure to detect marginal bonds, voids, skips, and 

fishmouths.  

C. Cut 100 mm (4 inch) wide by 300 mm (12 inch) lon g samples through the 

seams where directed by the Resident Engineer. 

1. Cut one sample for every 450 m (1500 linear feet ) of seams. 

2. Cut the samples perpendicular to the longitudina l direction of the 

seams. 

3. Failure of the samples to maintain the standard of quality within a 

reasonable tolerance of the approved samples will b e cause for 

rejection of the work.  

D. Repair areas of welded seams where samples have been taken or marginal 

bond voids or skips occur.  

E. Repair fishmouths and wrinkles by cutting to lay  flat and installing 

patch over cut area extending 100 mm (4 inches) bey ond cut.  

- - - E N D - - - 
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SECTION 07 60 00 
FLASHING AND SHEET METAL 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. Formed sheet metal work for wall and roof flashi ng, copings, roof edge 

metal, and fasciae, , are specified in this section . 

1.2 RELATED WORK 

A. Joint Sealants: Section 07 92 00, JOINT SEALANTS . 

1.3 APPLICABLE PUBLICATIONS 

A. Publications listed below form a part of this sp ecification to the 

extent referenced. Publications are referenced in t he text by the basic 

designation only. Editions of applicable publicatio ns current on date 

of issue of bidding documents apply unless otherwis e indicated. 

B. American National Standards Institute/Single-Ply  Roofing Institute 

(ANSI/SPRI): 

ANSI/SPRI ES-1-03.......Wind Design Standard for Ed ge Systems Used with 

Low Slope Roofing Systems  

C. American Architectural Manufacturers Association  (AAMA): 

AAMA 621................Voluntary Specification for  High Performance 

Organic Coatings on Coil Coated Architectural 

Hot Dipped Galvanized (HDG) and Zinc-Aluminum 

Coated Steel Substrates 

D. ASTM International (ASTM): 

A653/A653M-09...........Steel Sheet Zinc-Coated (Ga lvanized) or Zinc 

Alloy Coated (Galvanized) by the Hot- Dip 

Process 

D4586-07................Asphalt Roof Cement, Asbest os Free 

E. Sheet Metal and Air Conditioning Contractors Nat ional Association 

(SMACNA): Architectural Sheet Metal Manual. 

F. National Association of Architectural Metal Manu facturers (NAAMM): 

AMP 500-06..............Metal Finishes Manual 

G. Federal Specification (Fed. Spec): 

A-A-1925A...............Shield, Expansion; (Nail An chors) 
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UU-B-790A...............Building Paper, Vegetable F iber 

H. International Code Commission (ICC): Internation al Building Code,        

 Current Edition 

1.4 PERFORMANCE REQUIREMENTS 

A. Wind Uplift Forces:  Resist the following forces  per FM Approvals 1-49: 

1. Wind Zone 1:  1.00 to 1.44 kPa (21 to 30 lbf/sq.  ft.):  2.87-kPa 

(60-lbf/sq. ft.) perimeter uplift force, 4.31-kPa ( 90-lbf/sq. ft.) 

corner uplift force, and 1.44-kPa (30-lbf/sq. ft.) outward force. 

B. Wind Design Standard:  Fabricate and install cop ings tested per 

ANSI/SPRI ES-1 to resist design pressure indicated on Drawings. 

1.5 SUBMITTALS 

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT 

DATA, AND SAMPLES. 

B. Shop Drawings: For all specified items, includin g: 

1. Flashings 

2. Copings 

3. Gravel Stop-Fascia 

4. Gutter and Conductors 

5. Expansion joints 

6. Fascia-cant 

C. Manufacturer's Literature and Data: For all spec ified items, including:  

1. Two-piece counterflashing 

2. Thru wall flashing 

7. Bituminous coated copper 

D. Certificates: Indicating compliance with specifi ed finishing 

requirements, from applicator and contractor. 

PART 2 - PRODUCTS 

2.1 FLASHING AND SHEET METAL MATERIALS 

A. Stainless Steel: ASTM A167, Type 302B, dead soft  temper. 

B. Copper ASTM B370, cold-rolled temper. 
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C. Bituminous Coated Copper: Minimum copper ASTM B3 70, weight not less 

than 1 kg/m² (3 oz/sf). Bituminous coating shall we igh not less than 2 

kg/m² (6 oz/sf); or, copper sheets may be bonded be tween two layers of 

coarsely woven bitumen-saturated cotton fabric ASTM  D173. Exposed 

fabric surface shall be crimped. 

D. Galvanized Sheet: ASTM, A653. 

2.2 FLASHING ACCESSORIES 

A. Rosin Paper: Fed-Spec. UU-B-790, Type I, Grade D , Style 1b, Rosin-sized 

sheathing paper, weighing approximately 3 Kg/10 m²(  6 lbs/100 sf). 

B. Bituminous Paint: ASTM D1187, Type I. 

C. Fasteners: 

1. Use copper, copper alloy, bronze, brass, or stai nless steel for 

copper and copper clad stainless steel, and stainle ss steel for 

stainless steel and aluminum alloy. Use galvanized steel or 

stainless steel for galvanized steel. 

2. Nails: 

a. Minimum diameter for copper nails: 3 mm (0.109 i nch). 

b. Minimum diameter for aluminum nails 3 mm (0.105 inch). 

c. Minimum diameter for stainless steel nails: 2 mm  (0.095 inch) and 

annular threaded. 

d. Length to provide not less than 22 mm (7/8 inch)  penetration into 

anchorage. 

3. Rivets: Not less than 3 mm (1/8 inch) diameter. 

4. Expansion Shields: Fed Spec A-A-1925A. 

D. Sealant: As specified in Section 07 92 00, JOINT  SEALANTS for exterior 

locations. 

E. Roof Cement: ASTM D4586. 

2.3 SHEET METAL THICKNESS 

A. Except as otherwise shown or specified use thick ness or weight of sheet 

metal as follows: 

B. Concealed Locations (Built into Construction): 

4. Galvanized steel: 0.5 mm (0.021 inch) thick. 

C. Thickness of galvanized steel is specified with each item. 
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2.4 FABRICATION, GENERAL 

A. Jointing: 

1. Joints shall conform to following requirements: 

a. Flat-lock joints shall finish not less than 19 m m (3/4 inch) 

wide. 

b. Lap joints subject to stress shall finish not le ss than 25 mm 

(one inch) wide and shall be soldered and riveted. 

c. Unsoldered lap joints shall finish not less than  100 mm (4 

inches) wide. 

2. Flat and lap joints shall be made in direction o f flow. 

3. Edges of bituminous coated copper, copper covere d paper, 

nonreinforced elastomeric sheeting and polyethylene  coated copper 

shall be jointed by lapping not less than 100 mm (4  inches) in the 

direction of flow and cementing with asphalt roof c ement or sealant 

as required by the manufacturer's printed instructi ons. 

B. Expansion and Contraction Joints: 

1. Fabricate in accordance with the Architectural S heet Metal Manual 

recommendations for expansion and contraction of sh eet metal work in 

continuous runs. 

2. Space joints as shown or as specified. 

3. Space expansion and contraction joints at interv als not exceeding  

3000 mm (10 feet) for gravel stops and fascia-cant systems. 

4. Fabricate slip-type or loose locked joints and f ill with sealant 

unless otherwise specified. 

5. Fabricate joint covers of same thickness materia l as sheet metal 

served. 

C. Continuous Cleats: 

1. Fabricate continuous edge strips where shown and  specified to secure 

loose edges of the sheet metal work. 

2. Use material compatible with sheet metal to be s ecured by the edge 

strip. 

3. Fabricate in 3000 mm (10 feet) maximum lengths w ith not less than 19 

mm (3/4 inch) loose lock into metal secured by edge  strip. 
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4. Fabricate anchor edge maximum width of 75 mm (3 inches) or of 

sufficient width to provide adequate bearing area t o insure a rigid 

installation. 

D. Drips: 

1. Form drips at lower edge of sheet metal counter- flashings (cap 

flashings), fascias, gravel stops, wall copings, by  folding edge 

back 13 mm (1/2 inch) and bending out 45 degrees fr om vertical to 

carry water away from the wall. 

2. Form drip to provide hook to engage cleat or edg e strip for 

fastening for not less than 19 mm (3/4 inch) loose lock where shown. 

E. Edges: 

1. Edges of flashings concealed in masonry joints o pposite drain side 

shall be turned up 6 mm (1/4 inch) to form dam, unl ess otherwise 

specified or shown otherwise. 

2. Finish exposed edges of flashing with a 6 mm (1/ 4 inch) hem formed 

by folding edge of flashing back on itself when not  hooked to edge 

strip or cleat. Use 6 mm (1/4 inch) minimum penetra tion beyond wall 

face with drip for through-wall flashing exposed ed ge. 

3. All metal roof edges shall meet requirements of IBC, current 

edition. 

F. Metal Options: 

1. Where options are permitted for different metals  use only one metal 

throughout. 

2. Stainless steel may be used in concealed locatio ns for fasteners of 

other metals exposed to view. 

2.5 FINISHES 

A. Use same finish on adjacent metal or components and exposed metal 

surfaces unless specified or shown otherwise. 

B. In accordance with NAAMM Metal Finishes Manual A MP 500, unless 

otherwise specified. 

C. Finish exposed metal surfaces as follows, unless  specified otherwise: 

1. Copper: Mill finish. 

2. Galvanized Steel: 

a. Manufacturer's finish: 
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1) Fluorocarbon Finish: AAMA 621, high performance organic 

coating. Color and Finish to match existing. 

2.6 THROUGH-WALL FLASHINGS 

A. Form through-wall flashing to provide a mechanic al bond or key against 

lateral movement in all directions. Install a sheet  having 2 mm (1/16 

inch) deep transverse channels spaced four to every  25 mm (one inch), 

or ribbed diagonal pattern, or having other deforma tion unless 

specified otherwise. 

1. Fabricate in not less than 2400 mm (8 feet) leng ths; 3000 mm (10 

feet) maximum lengths. 

2. Fabricate so keying nests at overlaps. 

B. For Masonry Work When Concealed Except for Drip:  

1. Bituminous Coated Copper. 2. Form an integral da m at least 5 mm 

(3/16 inch) high at back edge. 

2. Form exposed portions of flashing with drip, app roximately 6 mm (1/4 

inch) projection beyond wall face. 

2.7 SCUPPERS 

A. Fabricate scuppers with minimum of 100 mm (4 inc h) wide flange. 

B. Provide flange at top on through wall scupper to  extend to top of base 

flashing. 

C. Fabricate exterior wall side to project not less  than 13 mm (1/2 inch) 

beyond face of wall with drip at bottom outlet edge . 

D. Fabricate not less than 100 mm (4 inch) wide fla nge to lap behind 

gravel stop fascia. 

E. Fabricate exterior wall flange for through wall scupper not less than 

25 mm (one inch) wide on top and sides with edges h emmed. 

F. Fabricate gravel stop bar of 25 mm x 25 mm (one by one inch) angle 

strip soldered to bottom of scupper. 

G. Fabricate scupper not less than 200 mm (8 inch) wide and not less than 

125 mm (5 inch) high for through wall scupper. 

H. Solder joints watertight. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. General: 

1. Install flashing and sheet metal items as shown in Sheet Metal and 

Air Conditioning Contractors National Association, Inc., 

publication, ARCHITECTURAL SHEET METAL MANUAL, exce pt as otherwise 

shown or specified. 

2. Apply Sealant as specified in Section 07 92 00, JOINT SEALANTS. 

3. Apply sheet metal and other flashing material to  surfaces which are 

smooth, sound, clean, dry and free from defects tha t might affect 

the application. 

4. Remove projections which would puncture the mate rials and fill holes 

and depressions with material compatible with the s ubstrate. Cover 

holes or cracks in wood wider than 6 mm (1/4 inch) with sheet metal 

compatible with the roofing and flashing material u sed. 

5. Coordinate with masonry work for the application  of a skim coat of 

mortar to surfaces of unit masonry to receive flash ing material 

before the application of flashing. 

6. Confine direct nailing of sheet metal to strips 300 mm (12 inch) or 

less wide. Nail flashing along one edge only. Space  nail not over 

100 mm (4 inches) on center unless specified otherw ise. 

7. Install bolts, rivets, and screws where indicate d, specified, or 

required in accordance with the SMACNA Sheet Metal Manual. Space 

rivets at 75 mm (3 inch) on centers in two rows in a staggered 

position. Use neoprene washers under fastener heads  when fastener 

head is exposed. 

8. Coordinate with roofing work for the installatio n of metal base 

flashings and other metal items having roof flanges  for anchorage 

and watertight installation. 

 9. Nail continuous cleats on 75 mm (3 inch) on cen ters in two rows in a 

staggered position. 

10. Nail individual cleats with two nails and bend end tab over nail 

heads. Lock other end of cleat into hemmed edge. 
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11. Install flashings in conjunction with other tra des so that flashings 

are inserted in other materials and joined together  to provide a 

water tight installation. 

12. Where required to prevent galvanic action betwe en dissimilar metal 

isolate the contact areas of dissimilar metal with sheet lead, 

waterproof building paper, or a coat of bituminous paint. 

13. Isolate aluminum in contact with dissimilar met als others than 

stainless steel, white bronze or other metal compat ible with 

aluminum by: 

a. Paint dissimilar metal with a prime coat of zinc -chromate or 

other suitable primer, followed by two coats of alu minum paint. 

b. Paint dissimilar metal with a coat of bituminous  paint. 

c. Apply an approved caulking material between alum inum and 

dissimilar metal. 

14. Paint aluminum in contact with or built into mo rtar, concrete, 

plaster, or other masonry materials with a coat of bituminous paint. 

15. Paint aluminum in contact with absorptive mater ials that may become 

repeatedly wet with two coats of bituminous paint o r two coats of 

aluminum paint. 

3.2 THROUGH-WALL FLASHING 

A. General: 

1. Install continuous through-wall flashing between  top of concrete 

foundation walls and bottom of masonry building wal ls; at top of 

concrete floors; under masonry, concrete, or stone copings and 

elsewhere as shown. 

2. Where exposed portions are used as a counterflas hings, lap base 

flashings at least 100 mm (4 inches)and use thickne ss of metal as 

specified for exposed locations. 

3. Exposed edge of flashing may be formed as a rece iver for two piece 

counter flashing as specified. 

4. Terminate exterior edge flush with face of wall.   

5. Turn back edge up 6 mm (1/4 inch) unless noted o therwise where 

flashing terminates in mortar joint or hollow mason ry unit joint. 

6. Terminate interior raised edge in masonry backup  unit approximately 

38 mm (1 1/2 inch) into unit unless shown otherwise . 
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7. Under copings terminate both edges beyond face o f wall approximately 

6 mm (1/4 inch) with drip edge. 

8. Lap end joints at least two corrugations, but no t less than 100 mm 

(4 inches). Seal laps with sealant. 

 9. Coordinate with other work to set in a bed of m ortar above and below 

flashing so that total thickness of the two layers of mortar and 

flashing are same as regular mortar joint. 

10. Where ends of flashing terminate turn ends up 2 5 mm (1 inch) and 

fold corners to form dam extending to wall face in vertical mortar 

or veneer joint. 

11. Turn flashing up not less than 200 mm (8 inch) between masonry or 

behind exterior veneer. 

B. Flashing at Cavity Wall Construction: Where flas hing occurs in cavity 

walls turn vertical portion up against backup under  waterproofing, if 

any, into mortar joint. Turn up over insulation, if  any, and 

horizontally through insulation into mortar joint. 

C. Lintel Flashing when not part of shelf angle fla shing: 

1. Install flashing full length of lintel to neares t vertical joint in 

masonry over veneer. 

2. Turn ends up 25 mm (one inch) and fold corners t o form dam and 

extend end to face of wall. 

3. Turn back edge up to top of lintel; terminate ba ck edge as specified 

for back-up wall. 

3.3 GRAVEL STOPS 

A. General: 

1. Install gravel stops and fascias with allowance for expansion at 

each joint; minimum of 6 mm (1/4 inch). 

2. Extend roof flange of gravel stop and splice pla tes not less than 

four inches out over roofing and nail or screw to w ood nailers. 

Space fasteners on 75 mm (3 inch) centers in stagge red pattern. 

3. Install continuous cleat for fascia drip edge. S ecure with fasteners 

as close to lower edge as possible on 75 mm (3 inch ) centers. 

4. Where ends of gravel stops and fascias abut a ve rtical wall, provide 

a watertight, flashed and sealant filled joint. 
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5. Edge securement for low-slope roofs: Low-slope m embrane roof systems 

metal edge securement, except gutters, shall be des igned in 

accordance with ANSI/SPRI ES-1, except the basic wi nd speed shall be 

determined from Figure 1609, of IBC 2003. 

B. Scuppers: 

1. Install scupper with flange behind gravel stops;  leave 6 mm (1/4 

inch) joint to gravel stop. 

2. Set scupper at roof water line and fasten to woo d blocking. 

3. Use sealant to seal joint with fascia gravel sto ps at ends. 

3.4 COPINGS 

A. General: 

1. On walls topped with a wood plank, install a con tinuous edge strip 

on the front edge of the plank. Lock the coping to the edge strip 

with a 19 mm (3/4 inch) loose lock seam. 

2. Where shown turn down roof side of coping and ex tend down over base 

flashing as specified for counter-flashing. Secure counter-flashing 

to lock strip in coping at continuous cleat. 

3. Install ends adjoining existing construction so as to form space for 

installation of sealants. Sealant is specified in S ection 07 92 00, 

JOINT SEALANTS. 

B. Aluminum Coping: 

1. Install with 6 mm (1/4 inch) joint between ends of coping sections. 

2. Install joint covers, centered at each joint, an d securely lock in 

place. 

- - - E N D - - - 
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SECTION 07 92 00 
JOINT SEALANTS 

 
PART 1 - GENERAL 

1.1 DESCRIPTION: 

A. Section covers all sealant and caulking material s and their 

application, wherever required for complete install ation of building 

materials or systems. 

1.2 RELATED WORK: 

A.  Masonry control and expansion joint: Section 04  20 00, UNIT MASONRY.  

1.3 QUALITY CONTROL: 

A. Installer Qualifications: An experienced install er who has specialized 

in installing joint sealants similar in material, d esign, and extent to 

those indicated for this Project and whose work has  resulted in joint-

sealant installations with a record of successful i n-service 

performance. 

B. Source Limitations: Obtain each type of joint se alant through one 

source from a single manufacturer. 

 
C. VOC: Acrylic latex and Silicon sealants shall ha ve less than 50g/l VOC 

content. 

1.4 SUBMITTALS: 

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT 

DATA, AND SAMPLES. 

B. Manufacturer's installation instructions for eac h product used. 

C. Cured samples of exposed sealants for each color  where required to 

match adjacent material. 

D. Manufacturer's Literature and Data:  

1. Caulking compound  

2. Primers  

3. Sealing compound, each type, including compatibi lity when different 

sealants are in contact with each other. 

1.5 PROJECT CONDITIONS: 

A. Environmental Limitations:  

1. Do not proceed with installation of joint sealan ts under following 

conditions: 
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a. When ambient and substrate temperature condition s are outside 

limits permitted by joint sealant manufacturer or a re below 4.4 °C 

(40 °F). 

b. When joint substrates are wet. 

B. Joint-Width Conditions: 

1. Do not proceed with installation of joint sealan ts where joint 

widths are less than those allowed by joint sealant  manufacturer for 

applications indicated. 

C. Joint-Substrate Conditions: 

1. Do not proceed with installation of joint sealan ts until 

contaminants capable of interfering with adhesion a re removed from 

joint substrates. 

1.6 DELIVERY, HANDLING, AND STORAGE: 

A. Deliver materials in manufacturers' original uno pened containers, with 

brand names, date of manufacture, shelf life, and m aterial designation 

clearly marked thereon. 

B. Carefully handle and store to prevent inclusion of foreign materials. 

C. Do not subject to sustained temperatures exceedi ng 32 ° C (90 ° F) or less 

than 5 ° C (40 ° F). 

1.7 DEFINITIONS: 

A. Definitions of terms in accordance with ASTM C71 7 and as specified. 

B. Back-up Rod: A type of sealant backing. 

C. Bond Breakers: A type of sealant backing. 

D. Filler: A sealant backing used behind a back-up rod. 

1.8 WARRANTY: 

A. Warranty exterior sealing against leaks, adhesio n, and cohesive 

failure, and subject to terms of "Warranty of Const ruction", FAR clause 

52.246-21, except that warranty period shall be ext ended to two years. 

B. General Warranty: Special warranty specified in this Article shall not 

deprive Government of other rights Government may h ave under other 

provisions of Contract Documents and shall be in ad dition to, and run 

concurrent with, other warranties made by Contracto r under requirements 

of Contract Documents. 
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1.9 APPLICABLE PUBLICATIONS: 

A. Publications listed below form a part of this sp ecification to extent 

referenced. Publications are referenced in text by basic designation 

only. 

B. American Society for Testing and Materials (ASTM ): 

C509-06.................Elastomeric Cellular Prefor med Gasket and 

Sealing Material. 

C717-10.................Standard Terminology of Bui lding Seals and 

Sealants. 

C834-10.................Latex Sealants. 

C920-10.................Elastomeric Joint Sealants.  

C1021-08................Laboratories Engaged in Tes ting of Building 

Sealants. 

C1193-09................Standard Guide for Use of J oint Sealants. 

D1056-07................Specification for Flexible Cellular Materials—

Sponge or Expanded Rubber. 

E84-09..................Surface Burning Characteris tics of Building 

Materials. 

C. Sealant, Waterproofing and Restoration Institute  (SWRI).  

 The Professionals’ Guide 

PART 2 - PRODUCTS  

2.1 SEALANTS: 

A. S-1:  

1. ASTM C920, polyurethane or polysulfide.  

2. Type M.  

3. Class 25.  

4. Grade NS.  

5. Shore A hardness of 20-40  

B. S-2: Not Used 

C. S-3:  

1. ASTM C920, polyurethane or polysulfide.  

2. Type S.  

3. Class 25, joint movement range of plus or minus 50 percent.  

4. Grade NS.  

5. Shore A hardness of 15-25.  
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6. Minimum elongation of 700 percent. 

D. S-4:  

1. ASTM C920 polyurethane or polysulfide.  

2. Type S.  

3. Class 25.  

4. Grade NS.  

5. Shore A hardness of 25-40. 

E. S-5: Not Used 

F. S-6:  

1. ASTM C920, silicone, neutral cure.  

2. Type S.  

3. Class: Joint movement range of plus 100 percent to minus 50 percent.  

4. Grade NS.  

5. Shore A hardness of 15-20.  

6. Minimum elongation of 1200 percent. 

G. S-7: Not Used 

H. S-8: Not Used 

I. S-9: Not Used 

J. S-10: Not Used 

K. S-11: 

1. ASTM C920 polyurethane.  

2. Type M/S.  

3. Class 25.  

4. Grade P/NS.  

5. Shore A hardness of 35 to 50. 

L. S-12: 

1. ASTM C920, polyurethane.  

2. Type M/S.  

3. Class 25, joint movement range of plus or minus 50 percent.  

4. Grade P/NS.  

5. Shore A hardness of 25 to 50. 

2.2 CAULKING COMPOUND: 

A. C-1: ASTM C834, acrylic latex. 

B. C-2: One component acoustical caulking, non dryi ng, non hardening, 

synthetic rubber. 
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2.3 COLOR: 

A. Sealants used with exposed masonry shall match c olor of mortar joints. 

B. Sealants used with unpainted concrete shall matc h color of adjacent 

concrete. 

C. Color of sealants for other locations shall be s elected by architect 

from manufacturer’s full range of color.. 

D. Caulking that will receive painted finish shall be light gray or white, 

unless specified otherwise. 

2.4 JOINT SEALANT BACKING: 

A. General: Provide sealant backings of material an d type that are 

nonstaining; are compatible with joint substrates, sealants, primers, 

and other joint fillers; and are approved for appli cations indicated by 

sealant manufacturer based on field experience and laboratory testing. 

B. Cylindrical Sealant Backings: ASTM C1330, of typ e indicated below and 

of size and density to control sealant depth and ot herwise contribute 

to producing optimum sealant performance: 

1. Type C: Closed-cell material with a surface skin . 

C. Elastomeric Tubing Sealant Backings: Neoprene, b utyl, EPDM, or silicone 

tubing complying with ASTM D1056, nonabsorbent to w ater and gas, and 

capable of remaining resilient at temperatures down  to minus 32 ° C 

(minus 26 ° F). Provide products with low compression set and of size and 

shape to provide a secondary seal, to control seala nt depth, and 

otherwise contribute to optimum sealant performance . 

D. Bond-Breaker Tape: Polyethylene tape or other pl astic tape recommended 

by sealant manufacturer for preventing sealant from  adhering to rigid, 

inflexible joint-filler materials or joint surfaces  at back of joint 

where such adhesion would result in sealant failure . Provide self-

adhesive tape where applicable. 

2.5 FILLER: 

A. Mineral fiber board: ASTM C612, Class 1. 

B. Thickness same as joint width. 

C. Depth to fill void completely behind back-up rod .  

2.6 PRIMER: 

A. As recommended by manufacturer of caulking or se alant material.  

B. Stain free type. 
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2.7 CLEANERS-NON POUROUS SURFACES: 

 Chemical cleaners acceptable to manufacturer of se alants and sealant 

backing material, free of oily residues and other s ubstances capable of 

staining or harming joint substrates and adjacent n on-porous surfaces 

and formulated to promote adhesion of sealant and s ubstrates. 

PART 3 - EXECUTION 

3.1 INSPECTION: 

A. Inspect substrate surface for bond breaker conta mination and unsound 

materials at adherent faces of sealant. 

B. Coordinate for repair and resolution of unsound substrate materials.  

C. Inspect for uniform joint widths and that dimens ions are within 

tolerance established by sealant manufacturer. 

3.2 PREPARATIONS: 

A. Prepare joints in accordance with manufacturer's  instructions and SWRI. 

B. Clean surfaces of joint to receive caulking or s ealants leaving joint 

dry to the touch, free from frost, moisture, grease , oil, wax, lacquer 

paint, or other foreign matter that would tend to d estroy or impair 

adhesion. 

1. Clean porous joint substrate surfaces by brushin g, grinding, blast 

cleaning, mechanical abrading, or a combination of these methods to 

produce a clean, sound substrate capable of develop ing optimum bond 

with joint sealants.  

2. Remove loose particles remaining from above clea ning operations by 

vacuuming or blowing out joints with oil-free compr essed air. Porous 

joint surfaces include the following: 

a. Concrete. 

b. Masonry. 

c. Unglazed surfaces of ceramic tile. 

3. Remove laitance and form-release agents from con crete. 

4. Clean nonporous surfaces with chemical cleaners or other means that 

do not stain, harm substrates, or leave residues ca pable of 

interfering with adhesion of joint sealants. 

a. Metal. 

b. Glass. 

c. Porcelain enamel. 
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d. Glazed surfaces of ceramic tile. 

C. Do not cut or damage joint edges. 

D. Apply masking tape to face of surfaces adjacent to joints before 

applying primers, caulking, or sealing compounds. 

1. Do not leave gaps between ends of sealant backin gs. 

2. Do not stretch, twist, puncture, or tear sealant  backings. 

3. Remove absorbent sealant backings that have beco me wet before 

sealant application and replace them with dry mater ials. 

E. Apply primer to sides of joints wherever require d by compound 

manufacturer's printed instructions.  

1. Apply primer prior to installation of back-up ro d or bond breaker 

tape.  

2. Use brush or other approved means that will reac h all parts of 

joints. 

F. Take all necessary steps to prevent three sided adhesion of sealants. 

3.3 BACKING INSTALLATION: 

A. Install back-up material, to form joints enclose d on three sides as 

required for specified depth of sealant. 

B. Where deep joints occur, install filler to fill space behind the back-

up rod and position the rod at proper depth. 

C. Cut fillers installed by others to proper depth for installation of 

back-up rod and sealants. 

D. Install back-up rod, without puncturing the mate rial, to a uniform 

depth, within plus or minus 3 mm (1/8 inch) for sea lant depths 

specified. 

E. Where space for back-up rod does not exist, inst all bond breaker tape 

strip at bottom (or back) of joint so sealant bonds  only to two 

opposing surfaces. 

F. Take all necessary steps to prevent three sided adhesion of sealants. 

 
3.4 SEALANT DEPTHS AND GEOMETRY: 

A. At widths up to 6 mm (1/4 inch), sealant depth e qual to width. 

B. At widths over 6 mm (1/4 inch), sealant depth 1/ 2 of width up to 13 mm 

(1/2 inch) maximum depth at center of joint with se alant thickness at 

center of joint approximately 1/2 of depth at adhes ion surface. 
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3.5 INSTALLATION: 

A. General:  

1. Apply sealants and caulking only when ambient te mperature is between  

5° C and 38 ° C (40 ° and 100 ° F).  

2. Do not use polysulfide base sealants where seala nt may be exposed to 

fumes from bituminous materials, or where water vap or in continuous 

contact with cementitious materials may be present.   

3. Do not use sealant type listed by manufacture as  not suitable for 

use in locations specified.  

4. Apply caulking and sealing compound in accordanc e with 

manufacturer's printed instructions.  

5. Avoid dropping or smearing compound on adjacent surfaces.  

6. Fill joints solidly with compound and finish com pound smooth.  

7. Tool joints to concave surface unless shown or s pecified otherwise.  

8. Finish paving or floor joints flush unless joint  is otherwise 

detailed.  

9. Apply compounds with nozzle size to fit joint wi dth.  

10. Test sealants for compatibility with each other  and substrate. Use 

only compatible sealant.  

B. For application of sealants, follow requirements  of ASTM C1193 unless 

specified otherwise.  

3.6 CLEANING: 

A. Fresh compound accidentally smeared on adjoining  surfaces: Scrape off 

immediately and rub clean with a solvent as recomme nded by the caulking 

or sealant manufacturer. 

B. After filling and finishing joints, remove maski ng tape. 

C. Leave adjacent surfaces in a clean and unstained  condition. 

 
3.7 LOCATIONS: 

A. Exterior Building Joints, Horizontal and Vertica l: 

1. Metal to Metal: Type S-1 

2. Metal to Masonry or Stone: Type S-1 

3. Masonry to Masonry or Stone: Type S-1 

4. Threshold Setting Bed: Type S-1, S-3, S-4 

5. Masonry Expansion and Control Joints: Type S-6 
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B. Metal Reglets and Flashings: 

1. Flashings to Wall: Type S-6 

2. Metal to Metal: Type S-6 

 
C. Horizontal Traffic Joints: 

1. Concrete Paving, Unit Pavers: Type S-11 or S-12 

D. Interior Caulking: 

1. Typical Narrow Joint 6 mm, (1/4 inch) or less at  Walls and Adjacent 

Components: Types C-1 and C-2. 

2. Perimeter of Doors, Windows, Access Panels which  Adjoin Concrete or 

Masonry Surfaces: Types C-1 and C-2. 

3. Joints at Masonry Walls and Columns, Piers, Conc rete Walls or 

Exterior Walls: Types C-1 and C-2. 

- - - E N D - - - 
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SECTION 08 11 13 
HOLLOW METAL DOORS AND FRAMES 

 
PART 1 - GENERAL 

1.1 DESCRIPTION 

A. This section specifies steel doors, steel frames  and related 

components. 

B. Terms relating to steel doors and frames as defi ned in ANSI A123.1 and 

as specified. 

1.2 RELATED WORK  

A.Door Hardware: Section 08 71 00, DOOR HARDWARE. 

B. Door Louver:  Section 08 90 00, LOUVERS AND VENT S. 

1.3 TESTING 

A. An independent testing laboratory shall perform testing. 

1.4 SUBMITTALS 

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT 

DATA, AND SAMPLES. 

B. Manufacturers Literature and Data: 

1.5 FIRE RATED DOORS AND FRAMES, SHOWING CONFORMANCE WITH NFPA 80 AND 
UNDERWRITERS LABORATORY, INC., OR INTERTEK TESTING SERVICES OR FACTORY MUTUAL 
FIRE RATING REQUIREMENTS.1.5 SHIPMENT  

A. Prior to shipment label each door and frame to s how location, size, 

door swing and other pertinent information. 

B. Fasten temporary steel spreaders across the bott om of each door frame. 

1.6 STORAGE AND HANDLING 

A. Store doors and frames at the site under cover.  

B. Protect from rust and damage during storage and erection until 

completion. 

1.7 APPLICABLE PUBLICATIONS 

A. Publications listed below form a part of this sp ecification to the 

extent referenced. Publications are referenced in t he text by the basic 

designation only. 

B. Door and Hardware Institute (DHI): 

A115 Series.............Steel Door and Frame Prepar ation for Hardware, 

Series A115.1 through A115.17 (Dates Vary) 
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C. Steel Door Institute (SDI): 

113-01 (R2006)..........Thermal Transmittance of St eel Door and Frame 

Assemblies  

D. American National Standard Institute: 

A250.8-2003 (R2008).....Specifications for Standard  Steel Doors and 

Frames 

E. American Society for Testing and Materials (ASTM ): 

A568/568-M-11...........Steel, Sheet, Carbon, and H igh-Strength, Low-

alloy, Hot-Rolled and Cold-Rolled 

A1008-10................Steel, sheet, Cold-Rolled, Carbon, Structural, 

High Strength Low Alloy and High Strength Low 

Alloy with Improved Formability 

F. The National Association Architectural Metal Man ufactures (NAAMM):  

Metal Finishes Manual (AMP 500-06) 

G. National Fire Protection Association (NFPA):  

80-13...................Fire Doors and Fire Windows  

H. Underwriters Laboratories, Inc. (UL):  

Fire Resistance Directory 

I. Intertek Testing Services (ITS):  

Certifications Listings…Latest Edition 

J. Factory Mutual System (FM):  

Approval Guide 

PART 2 - PRODUCTS  

2.1 MATERIALS 

A. Sheet Steel: ASTM A1008, cold-rolled for panels (face sheets) of doors. 

B. Anchors, Fastenings and Accessories: Fastenings anchors, clips 

connecting members and sleeves from zinc coated ste el.  

C. Prime Paint: Paint that meets or exceeds the req uirements of A250.8. 

D. Final Paint:  Color and finish to match existing .  Provide 1 additional 

prime coat and 1 finish coat – Exterior Alkyd, Semi -Gloss (EO). 
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2.2 FABRICATION GENERAL 

A. GENERAL: 

1. Follow ANSI A250.8 for fabrication of standard s teel doors, except 

as specified otherwise. Doors to receive hardware s pecified in 

Section 08 71 00, DOOR HARDWARE. Tolerances as per ANSI A250.8. 

Thickness, 44 mm (1-3/4 inches), unless otherwise s hown. 

2. Close top edge of exterior doors flush and seal to prevent water 

intrusion. 

3. When vertical steel stiffeners are used for core  construction, fill 

spaces between stiffeners with mineral fiber insula tion. 

B. Heavy Duty Doors: ANSI A250.8, Level 2, Full flu sh seamless design of 

size and design shown. Core construction types a, d , or f, for interior 

doors, and, types b, c, e, or f, for exterior doors . 

 
 

Core 
Construction 

Type 

Door Core 
Description 

a Kraft honeycomb 

b Polyurethane 

c Polystyrene 

d Unitized steel grid 

e Mineral fiberboard 

f 
Vertical steel 

stiffeners 

    
 

C. Fire Rated Doors (Labeled): 

1. Conform to NFPA 80 when tested by Underwriters L aboratories, Inc., 

Inchcape Testing Services, or Factory Mutual for th e class of door 

or door opening shown. 

2. Fire rated labels of metal, with raised or incis ed markings of 

approving laboratory shall be permanently attached to doors. 

3. Close top and vertical edges of doors flush. Ver tical edges shall be 

seamless. Apply steel astragal to the meeting stile  of the active 

leaf of pairs of fire rated doors, except where ver tical rod exit 

devices are specified for both leaves swinging in t he same 

direction. 
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4. Construct fire rated doors in stairwell enclosur es for maximum 

transmitted temperature rise of 230 °C (450 °F) above ambient 

temperature at end of 30 minutes of fire exposure w hen tested in 

accordance with ASTM E152. 

 
 2.3 METAL FRAMES  

A. General:  

1. ANSI A250.8, 1.3 mm (0.053 inch) thick sheet ste el, types and styles 

as shown or scheduled.  

2. Frames for exterior doors: Fabricate from 1.7 mm  (0.067 inch) thick 

galvanized steel conforming to ASTM A525. 

3. Frames for labeled fire rated doors . 

a. Comply with NFPA 80. Test by Underwriters Labora tories, Inc., 

Inchcape Testing Services, or Factory Mutual. 

b. Fire rated labels of approving laboratory perman ently attached to 

frames as evidence of conformance with these requir ements. 

Provide labels of metal or engraved stamp, with rai sed or incised 

markings. 

4. Knocked-down frames are not acceptable.  

B. Reinforcement and Covers:  

1. ANSI A250.8 for, minimum thickness of steel rein forcement welded to 

back of frames. 

2. Provide mortar guards securely fastened to back of hardware 

reinforcements except on lead-lined frames.  

C. Frame Anchors:  

1. Floor anchors:  

a. Where floor fills occur, provide extension type floor anchors to 

compensate for depth of fill.  

b. At bottom of jamb use 1.3 mm (0.053 inch) thick steel clip angles 

welded to jamb and drilled to receive two 6 mm (1/4  inch) floor 

bolts. Use 50 mm x 50 mm (2 inch by 2 inch) 9 mm by  (3/8 inch) 

clip angle for lead lined frames, drilled for 9 mm (3/8 inch) 

floor bolts.  
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2. Jamb anchors:  

a. Locate anchors on jambs near top and bottom of e ach frame, and at 

intermediate points not over 600 mm (24 inches) apa rt,  except 

for fire rated frames space anchors as required by labeling 

authority .  

b. Form jamb anchors of not less than 1 mm (0.042 i nch) thick steel 

unless otherwise specified.  

c. Anchors set in masonry: Use adjustable anchors d esigned for 

friction fit against the frame and for extension in to the masonry 

not less than 250 mm (10 inches). Use one of follow ing type:  

1) Wire loop type of 5 mm (3/16 inch) diameter wire .  

2) T-shape or strap and stirrup type of corrugated or perforated 

sheet steel.  

d. Anchors for frames set in prepared openings:  

1) Steel pipe spacers with 6 mm (1/4 inch) inside d iameter welded 

to plate reinforcing at jamb stops or hat shaped fo rmed strap 

spacers, 50 mm (2 inches) wide, welded to jamb near  stop.  

2) Drill jamb stop and strap spacers for 6 mm (1/4 inch) flat 

head bolts to pass thru frame and spacers.  

3) Two piece frames: Subframe or rough buck drilled  for 6 mm (1/4 

inch) bolts.  

e. Modify frame anchors to fit special frame and wa ll construction 

and provide special anchors where shown or required .  

2.4 LOUVERS 

A. General:  

1. Sight proof type with stationary blades the full  thickness of the 

door. 

2. Design lightproof louvers to exclude passage of light but permit 

free ventilation.  

3. Provide insect screen and wire guards at exterio r doors, except 

where doors are located below completely enclosed a reaways, the wire 

guard is not required.  

B. Fabrication:  

1. Steel louvers 0.8 mm (0.032 inch) thick for inte rior doors, and 1.3 

mm (0.053 inch) inch thick for exterior doors.  
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2. Fabricate louvers as complete units. Install in prepared cutouts in 

doors. 

3. Weld stationary blades to frames. Weld louvers i nto door openings.  

C. Screen frames:  

1. Frame of either extruded aluminum or tubular alu minum.  

2. Fabricate frame to hold wire fabric in a channel  with a retaining 

bar anchor and to mount on surface of door with scr ews.  

3. Do not lap frame over louver opening.  

4. Miter corners of frame members and join by conce aled mechanical 

fastenings extending about 57 mm (2-1/4 inches) int o ends of each 

member. 

5. Drill frame and doors for screw attachment. Spac e screws 50 mm (2 

inches) from end of each leg of frame and not over 300 mm (12 

inches) on center between end screws.  

6. Finish: Clear anodized finish, 0.4 mils thick. 

7. Insect Screens: Fasten insect screens to interio r side of doors with 

retaining bar against door and not exposed to view.   

8. Wire Guards:  

a. Wire fabric shall be wire guard screen as specif ied.  

b. Fasten wire guard to exterior side of door with retaining bar 

against door and not exposed to view. 

2.5 SHOP PAINTING 

 ANSI A250.8.  

PART 3 - EXECUTION  

3.1 INSTALLATION  

A. Plumb, align and brace frames securely until per manent anchors are set.  

1. Use triangular bracing near each corner on both sides of frames with 

temporary wood spreaders at midpoint.  

2. Use wood spreaders at bottom of frame if the shi pping spreader is 

removed.  

3. Protect frame from accidental abuse.  

4. Where construction will permit concealment, leav e the shipping 

spreaders in place after installation, otherwise re move the 

spreaders after the frames are set and anchored.  
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5. Remove wood spreaders and braces only after the walls are built and 

jamb anchors are secured.  

B. Floor Anchors:  

1. Anchor the bottom of door frames to floor with t wo 6 mm (1/4 inch) 

diameter expansion bolts. Use 9 mm (3/8 inch) bolts  on lead lined 

frames.  

2. Power actuated drive pins may be used to secure frame anchors to 

concrete floors.  

C. Jamb Anchors:  

1. Anchors in masonry walls: Embed anchors in morta r. Fill space 

between frame and masonry wall with grout or mortar  as walls are 

built. 

2. Coat frame back with a bituminous coating prior to lining of grout 

filling in masonry walls. 

4. Frames set in prepared openings of masonry or co ncrete: Expansion 

bolt to wall with 6 mm (1/4 inch) expansion bolts t hrough spacers. 

Where subframes or rough bucks are used, 6 mm (1/4 inch) expansion 

bolts on 600 mm (24 inch) centers or power activate d drive pins 600 

mm (24 inches) on centers. Secure two piece frames to subframe or 

rough buck with machine screws on both faces.  

D. Install anchors for labeled fire rated doors to provide rating as 

required. 

3.2 INSTALLATION OF DOORS AND APPLICATION OF HARDWA RE 

 Install doors and hardware as specified in Section s  Section 08 11 13, 

HOLLOW METAL DOORS AND FRAMES and Section 08 71 00,  DOOR HARDWARE .  

- - - E N D - - - 
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SECTION 08 71 00 

DOOR HARDWARE 

PART 1 - GENERAL 

1.1  RELATED DOCUMENTS 

A.  Drawings and general provisions of the Contract, in cluding General and 

Supplementary Conditions and Division 01 Specificat ion Sections, apply 

to this Section. 

1.2  SUMMARY 

A.  This Section includes the following: 

1.  Commercial door hardware for the following: 

a.  Swinging doors. 

b.  Other doors to the extent indicated. 

B.  Related Sections include the following: 

1.  Division 01 Section "Submittal Procedures" for  Electronic 

Submittal Requirements. 

2.  Division 08 Section "Hollow Metal Doors and Frames"  for astragals 

provided as part of fire-rated labeled assemblies a nd for door 

silencers provided as part of hollow-metal frames. 

1.3  SUBMITTALS 

A.  Product Data:  Include construction and installatio n details, material 

descriptions, dimensions of individual components a nd profiles, and 

finishes. 

B.  Qualification Data:  For Architectural Hardware Con sultant. 

C.  Maintenance Data:  For each type of door hardware t o include in 

maintenance manuals.  Include final hardware and ke ying schedule. 

D.  Warranty:  Special warranty specified in this Secti on. 

E.  Other Action Submittals: 

1.  Door Hardware Sets:  Prepared by or under the super vision of 

Architectural Hardware Consultant, detailing fabric ation and 

assembly of door hardware, as well as procedures an d diagrams.  

Coordinate the final door hardware sets with doors,  frames, and 

related work to ensure proper size, thickness, hand , function, 

and finish of door hardware. 
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a.  Format:  Comply with scheduling sequence and vertic al format 

in DHI's "Sequence and Format for the Hardware Sche dule."  

Double space entries, and number and date each page . 

b.  Format:  Use same scheduling sequence and format  and use same 

door numbers as in the Contract Documents. 

c.  Content:  Include the following information: 

1)  Identification number, location, hand, fire rating,  and 

material of each door and frame. 

2)  Type, style, function, size, quantity, and finish o f 

each door hardware item.   Include description and 

function of each lockset and exit device. 

3)  Complete designations of every item required for ea ch 

door or opening including name and manufacturer. 

4)  Fastenings and other pertinent information. 

5)  Location of each door hardware set, cross-reference d to 

Drawings, both on floor plans and in door and frame  

schedule. 

6)  Explanation of abbreviations, symbols, and codes 

contained in schedule. 

7)  Mounting locations for door hardware. 

8)  Door and frame sizes and materials. 

d.  Submittal Sequence:  Submit the final door hardware  sets at 

earliest possible date, particularly where approval  of the 

door hardware sets must precede fabrication of othe r work 

that is critical in Project construction schedule.  Include 

Product Data, Samples, Shop Drawings of other work affected 

by door hardware, and other information essential t o the 

coordinated review of the door hardware sets. 

2.  Keying Schedule:  Prepared by or under the supervis ion of 

Architectural Hardware Consultant, detailing Owner' s final keying 

instructions for locks.  Include schematic keying d iagram and 

index each key set to unique door designations. 
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1.4  QUALITY ASSURANCE 

A.  Architectural Hardware Consultant Qualifications:  A person who is 

currently certified by DHI as an Architectural Hard ware Consultant and 

who is experienced in providing consulting services  for door hardware 

installations that are comparable in material, desi gn, and extent to 

that indicated for this Project. 

B.  Source Limitations:  Obtain each type and variety o f door hardware 

from a single manufacturer, unless otherwise indica ted. 

C.  Fire-Rated Door Assemblies:  Assemblies complying w ith NFPA 80 that 

are listed and labeled by a testing and inspecting agency acceptable 

to authorities having jurisdiction, for fire rating s indicated, based 

on testing according to UBC Standard 7-2. 

D.  Keying Conference:  Conduct conference at Project s ite to comply with 

requirements in Division 01 Section "Project Manage ment and 

Coordination."  In addition to Owner, Contractor, a nd Architect, 

conference participants shall also include Installe r's Architectural 

Hardware Consultant.  Incorporate keying conference  decisions into 

final keying schedule after reviewing door hardware  keying system 

including, but not limited to, the following: 

1.  Address for delivery of masterkeys. 

1.5  DELIVERY, STORAGE, AND HANDLING 

A.  Inventory door hardware on receipt and provide secu re lock-up for door 

hardware delivered to Project site. 

B.  Tag each item or package separately with identifica tion related to the 

final door hardware sets, and include basic install ation instructions, 

templates, and necessary fasteners with each item o r package. 

C.  Deliver masterkeys to Owner by registered mail or o vernight package 

service. 

1.6  COORDINATION 

A.  Coordinate layout and installation of recessed pivo ts and closers with 

floor construction.  Cast anchoring inserts into co ncrete.  Concrete, 

reinforcement, and formwork requirements are specif ied in Division 03. 

 

 



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

08 71 00 - 4 

B.  Templates:  Distribute door hardware templates for doors, frames, and 

other work specified to be factory prepared for ins talling door 

hardware.  Check Shop Drawings of other work to con firm that adequate 

provisions are made for locating and installing doo r hardware to 

comply with indicated requirements. 

C.  Existing Openings:  Where new hardware components a re scheduled for 

application to existing construction or where modif ications to 

existing door hardware are required, field verify e xisting conditions 

and coordinate installation of door hardware to sui t opening 

conditions and to provide for proper operation. 

1.7  WARRANTY  

A.  Special Warranty:  Manufacturer's standard form in which manufacturer 

agrees to repair or replace components of door hard ware that fails in 

materials or workmanship within specified warranty period. 

1.  Warranty Period:  Three years from date of Substant ial 

Completion, except as follows: 

a.  Manual Closers:  10 years from date of Substantial 

Completion. 

1.8  MAINTENANCE SERVICE 

A.  Maintenance Tools and Instructions:  Furnish a comp lete set of 

specialized tools and maintenance instructions as n eeded for Owner's 

continued adjustment, maintenance, and removal and replacement of door 

hardware. 

PART 2 - PRODUCTS 

2.1  SCHEDULED DOOR HARDWARE 

A.  General:  Provide door hardware for each door to co mply with 

requirements in this Section and door hardware sets  indicated in 

Part 3 "Door Hardware Groups" Article. 

1.  Door Hardware Groups:  Provide quantity, item, size , finish or 

color indicated, and named manufacturers' products.  

B.  Designations:  Requirements for design, grade, func tion, finish, size, 

and other distinctive qualities of each type of doo r hardware are 

indicated in Part 3 "Door Hardware Sets" Article.  Products are 

identified by using door hardware designations, as follows: 
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1.  Named Manufacturers' Products:  Manufacturer and pr oduct 

designation are listed for each door hardware type required for 

the purpose of establishing minimum requirements.  Manufacturers' 

names are abbreviated in Part 3 "Door Hardware Sets " Article. 

C.  In other Part 2 articles where titles below introdu ce lists, the 

following requirements apply to product selection: 

1.  Manufacturers:  Subject to compliance with requirem ents, provide 

products by the manufacturers specified. 

2.2  HINGES, GENERAL 

A.  Quantity:  Provide the following, unless otherwise indicated: 

1.  Two Hinges:  For doors with heights up to 60 inches  (1524 mm). 

2.  Three Hinges:  For doors with heights 61 to 90 inch es (1549 to 

2286 mm). 

3.  Four Hinges:  For doors with heights 91 to 120 inch es (2311 to 

3048 mm). 

4.  For doors with heights more than 120 inches (3048 m m), provide 4 

hinges, plus 1 hinge for every 30 inches (750 mm) o f door height 

greater than 120 inches (3048 mm). 

B.  Template Requirements:  Except for hinges and pivot s to be installed 

entirely (both leaves) into wood doors and frames, provide only 

template-produced units. 

C.  Hinge Weight:  Unless otherwise indicated, provide the following: 

1.  Entrance Doors and Vestibule Doors:  Heavy-weight h inges. 

2.  All Doors:  Antifriction-bearing hinges. 

3.  Interior Doors 36” or less:  Standard-weight hinges . 

4.  Interior Doors greater than 36”:  Heavy-weight hing es. 

D.  Hinge Base Metal:  As indicated in the Door Hardwar e Schedule at the 

end of Part 3. 

E.  Hinge Options:  Where indicated in door hardware se ts or on Drawings: 

1.  Nonremovable Pins:  Provide set screw in hinge barr el that, when 

tightened into a groove in hinge pin, prevents remo val of pin 

while door is closed; for outswinging exterior door s. 

2.  Corners:  Square. 
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F.  Fasteners:  Comply with the following: 

1.  Machine Screws:  For metal doors and frames.  Insta ll into 

drilled and tapped holes. 

2.  Wood Screws:  For wood doors and frames. 

2.3  HINGES 

A.  Butts and Hinges:  BHMA A156.1. 

B.  Template Hinge Dimensions:  BHMA A156.7. 

C.  Available  Manufacturers: 

1.  Hager Companies (HAG). 

2.  McKinney Products Company; an ASSA ABLOY Group comp any (MCK). 

3.  Stanley Commercial Hardware; Div. of The Stanley Wo rks (STH). 

2.4  LOCKS AND LATCHES, GENERAL 

A.  Accessibility Requirements:  Where indicated to com ply with 

accessibility requirements, comply with [the U.S. A rchitectural & 

Transportation Barriers Compliance Board's "America ns with 

Disabilities Act (ADA), Accessibility Guidelines fo r Buildings and 

Facilities (ADAAG)."   

1.  Provide operating devices that do not require tight  grasping, 

pinching, or twisting of the wrist and that operate  with a force 

of not more than 5 lbf (22 N). 

B.  Latches and Locks for Means of Egress Doors:  Compl y with NFPA 101.  

Latches shall not require more than 15 lbf (67 N) t o release the 

latch.  Locks shall not require use of a key, tool,  or special 

knowledge for operation. 

C.  Lock Throw:  Comply with testing requirements for l ength of bolts 

required for labeled fire doors, and as follows: 

1.  Bored Locks:  Minimum 1/2-inch (13-mm) latchbolt th row. 

2.  Mortise Locks:  Minimum 3/4-inch (19-mm) latchbolt throw. 

3.  Deadbolts:  Minimum 1-inch (25-mm) bolt throw. 

D.  Backset:  2-3/4 inches (70 mm), unless otherwise in dicated. 

E.  Strikes:  Manufacturer's standard strike with strik e box for each 

latchbolt or lock bolt, with curved lip extended to  protect frame, 

finished to match door hardware set. 
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2.5  LOCKS AND LATCHES (NO SUBSTITUTIONS) 

A.  Lock Functions:  Function numbers and descriptions indicated in door 

hardware sets comply with the following: 

1.  Bored Locks:  BHMA A156.2. 

2.  Available  Manufacturers: 

a.  Falcon Lock (FA). 

2.6  EXIT DEVICES 

A.  Exit Devices:  BHMA A156.3 , Grade 1. 

B.  Manufacturers:  Subject to compliance with requirem ents, provide 

products by one of the following: 

1.  Von Duprin (VD). 

C.  Accessibility Requirements:  Where handles, pulls, latches, locks, and 

other operating devices are indicated to comply wit h accessibility 

requirements, comply with the U.S. Architectural & Transportation 

Barriers Compliance Board's "Americans with Disabil ities Act (ADA), 

Accessibility Guidelines for Buildings and Faciliti es (ADAAG)."  

1.  Provide operating devices that do not require tight  grasping, 

pinching, or twisting of the wrist and that operate  with a force 

of not more than 5 lbf (22 N). 

D.  Exit Devices for Means of Egress Doors:  Comply wit h NFPA 101.  Exit 

devices shall not require more than 15 lbf (67 N) t o release the 

latch.  Locks shall not require use of a key, tool,  or special 

knowledge for operation. 

E.  Panic Exit Devices:  Listed and labeled by a testin g and inspecting 

agency acceptable to authorities having jurisdictio n, for panic 

protection, based on testing according to UL 305. 

F.  Fire Exit Devices:  Devices complying with NFPA 80 that are listed and 

labeled by a testing and inspecting agency acceptab le to authorities 

having jurisdiction, for fire and panic protection,  based on testing 

according to UL 305 and NFPA 252. 

G.  Removable Mullions:  BHMA A156.3. 

H.  Through Bolts:  For exit devices and trim on metal doors, non-fire-

rated wood doors and fire-rated wood doors. 
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2.7  LOCK CYLINDERS 

A.  Standard Lock Cylinders:  BHMA A156.5. 

B.  Cylinders:  Manufacturer's standard tumbler type, c onstructed from 

brass or bronze, stainless steel, or nickel silver,  and complying with 

the following: 

1.  Number of Pins:  Six. 

2.  Mortise Type:  Threaded cylinders with rings and st raight- or 

clover-type cam. 

3.  Rim Type:  Cylinders with back plate, flat-type ver tical or 

horizontal tailpiece, and raised trim ring. 

4.  Bored-Lock Type:  Cylinders with tailpieces to suit  locks. 

C.  Manufacturer:  Same manufacturer as for locks and l atches. 

D.  Available  Manufacturers: (NO SUBSTITUTES) 

1.  Falcon (FA). 

2.8  KEYING 

A.  Keying System:  Factory registered, complying with guidelines in 

BHMA A156.28, Appendix A.  Incorporate decisions ma de in keying 

conference, and as follows: 

1.  Existing System:  Master key or grand master key lo cks to Owner's 

existing system. 

 

B.  Keys:  Nickel silver. 

1.  Stamping:  Permanently inscribe each key with a vis ual key 

control number and include the following notation: 

a.  Notation:  "DO NOT DUPLICATE."  

2.  Quantity:  In addition to two (2) keys for each loc k, provide the 

following: 

a.  Cylinder Change Keys:  Two. 

b.  Master Keys:  Five. 

c.  Grand Master Keys:  Five. 

2.9  OPERATING TRIM 

A.  Standard:  BHMA A156.6 and as indicated in Door Har dware sets. 

B.  Materials:  Fabricate as indicated in Door Hardware  sets. 
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C.  Available Manufacturers: 

1.  Burns Manufacturing Incorporated (BM). 

2.  Rockwood (RO). 

3.  Hiawatha, Inc. (HIA). 

4.  IVES Hardware; an Ingersoll-Rand Company (IVS). 

5.  Trimco (TBM). 

2.10  CLOSERS 

A.  Accessibility Requirements:  Where handles, pulls, latches, locks, and 

other operating devices are indicated to comply wit h accessibility 

requirements, comply with the U.S. Architectural & Transportation 

Barriers Compliance Board's "Americans with Disabil ities Act (ADA), 

Accessibility Guidelines for Buildings and Faciliti es (ADAAG)."   

1.  Comply with the following maximum opening-force req uirements: 

a.  Interior, Non-Fire-Rated Hinged Doors:  5 lbf (22.2  N) 

applied perpendicular to door. 

b.  Sliding or Folding Doors:  5 lbf (22.2 N) applied p arallel to 

door at latch. 

c.  Fire Doors:  Minimum opening force allowable by aut horities 

having jurisdiction. 

B.  Door Closers for Means of Egress Doors:  Comply wit h NFPA 101.  Door 

closers shall not require more than 30 lbf (133 N) to set door in 

motion and not more than 15 lbf (67 N) to open door  to minimum 

required width. 

C.  Size of Units:  Unless otherwise indicated, comply with manufacturer's 

written recommendations for size of door closers de pending on size of 

door, exposure to weather, and anticipated frequenc y of use.   

D.  Surface Closers:  BHMA A156.4, Grade 1 unless Grade  2 is indicated 

Provide type of arm required for closer to be locat ed on non-public 

side of door, unless otherwise indicated. 

1.  Available  Manufacturers: 

a.  Norton 

b.  LCN 
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2.11  PROTECTIVE TRIM UNITS 

A.  Size:  2 inches (38 mm) less than door width on pus h side and 1 inch 

(13 mm) less than door width on pull side, by heigh t specified in door 

hardware sets. 

B.  Fasteners:  Manufacturer's standard machine or self -tapping screws. 

C.  Metal Protective Trim Units:  BHMA A156.6; beveled top and 2 sides; 

fabricated from material indicated in door hardware  sets. 

1.  Available  Manufacturers: 

a.  Burns Manufacturing Incorporated (BM). 

b.  Rockwood (RO). 

c.  Hiawatha, Inc. (HIA). 

d.  IVES Hardware; an Ingersoll-Rand Company (IVS). 

e.  Trimco (TBM). 

2.12  PUSH BUTTON LOCKS 

A.  Available Manufacturers: 

1.  Kaba Ilco 

a.  L1000 series 

2.13  STOPS AND HOLDERS 

A.  Stops and Bumpers:  BHMA A156.16 , Grade 1 unless Grade 2 is indicated. 

1.  Provide floor stops for doors unless wall or other type stops are 

scheduled or indicated.  Do not mount floor stops w here they will 

impede traffic.  Where floor or wall stops are not appropriate, 

provide overhead holders. 

B.  Available Manufacturers: 

1.  Burns Manufacturing Incorporated (BM). 

2.  Rockwood (RO). 

3.  IVES Hardware; an Ingersoll-Rand Company (IVS). 

4.  Trimco (TBM). 

2.14  DOOR GASKETING 

A.  Standard:  BHMA A156.22. 

B.  General:  Provide continuous weather-strip gasketin g on exterior doors 

and provide smoke, light, or sound gasketing on int erior doors where 

indicated or scheduled.  Provide noncorrosive faste ners for exterior 

applications and elsewhere as indicated. 
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1.  Perimeter Gasketing:  Apply to head and jamb, formi ng seal 

between door and frame. 

2.  Meeting Stile Gasketing:  Fasten to meeting stiles,  forming seal 

when doors are closed. 

3.  Door Bottoms:  Apply to bottom of door, forming sea l with 

threshold when door is closed. 

C.  Air Leakage:  Not to exceed 0.50 cfm per foot (0.00 0774 cu. m/s per m) 

of crack length for gasketing other than for smoke control, as tested 

according to ASTM E 283. 

D.  Smoke-Labeled Gasketing:  Assemblies complying with  NFPA 105 that are 

listed and labeled by a testing and inspecting agen cy acceptable to 

authorities having jurisdiction, for smoke-control ratings indicated, 

based on testing according to UL 1784. 

1.  Provide smoke-labeled gasketing on Fire-rated doors  and on smoke-

labeled doors. 

E.  Gasketing Materials:  ASTM D 2000 and AAMA 701/702.  

F.  Available  Manufacturers: 

1.  National Guard Products (NGP). 

2.  Pemko Manufacturing Co. (PEM). 

3.  Reese Enterprises (RE). 

2.15  FABRICATION 

A.  Manufacturer's Nameplate:  Do not provide products that have 

manufacturer's name or trade name displayed in a vi sible location 

except in conjunction with required fire-rated labe ls and as otherwise 

approved by Architect. 

1.  Manufacturer's identification is permitted on rim o f lock 

cylinders only. 

B.  Base Metals:  Produce door hardware units of base m etal, fabricated by 

forming method indicated, using manufacturer's stan dard metal alloy, 

composition, temper, and hardness.  Furnish metals of a quality equal 

to or greater than that of specified door hardware units and 

BHMA A156.18.  Do not furnish manufacturer's standa rd materials or 

forming methods if different from specified standar d. 
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C.  Fasteners:  Provide door hardware manufactured to c omply with 

published templates generally prepared for machine,  wood, and sheet 

metal screws.  Provide screws according to commerci ally recognized 

industry standards for application intended, except  aluminum fasteners 

are not permitted.  Provide Phillips flat-head scre ws with finished 

heads to match surface of door hardware, unless oth erwise indicated. 

1.  Concealed Fasteners:  For door hardware units that are exposed 

when door is closed, except for units already speci fied with 

concealed fasteners.  Do not use through bolts for installation 

where bolt head or nut on opposite face is exposed unless it is 

the only means of securely attaching the door hardw are.  Where 

through bolts are used on hollow door and frame con struction, 

provide sleeves for each through bolt. 

2.  Steel Machine or Wood Screws:  For the following fi re-rated 

applications: 

a.  Mortise hinges to doors. 

b.  Strike plates to frames. 

c.  Closers to doors and frames. 

3.  Steel Through Bolts:  For the following fire-rated applications 

unless door blocking is provided: 

a.  Surface hinges to doors. 

b.  Closers to doors and frames. 

c.  Surface-mounted exit devices. 

4.  Spacers or Sex Bolts:  For through bolting of hollo w-metal doors. 

5.  Fasteners for Wood Doors:  Comply with requirements  in 

DHI WDHS.2, "Recommended Fasteners for Wood Doors."  

2.16  FINISHES 

A.  Standard:  BHMA A156.18, as indicated in door hardw are sets. 

B.  Protect mechanical finishes on exposed surfaces fro m damage by 

applying a strippable, temporary protective coverin g before shipping. 
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C.  Appearance of Finished Work:  Variations in appeara nce of abutting or 

adjacent pieces are acceptable if they are within o ne-half of the 

range of approved Samples.  Noticeable variations i n the same piece 

are not acceptable.  Variations in appearance of ot her components are 

acceptable if they are within the range of approved  Samples and are 

assembled or installed to minimize contrast. 

PART 3 - EXECUTION 

3.1  EXAMINATION 

A.  Examine doors and frames, with Installer present, f or compliance with 

requirements for installation tolerances, labeled f ire door assembly 

construction, wall and floor construction, and othe r conditions 

affecting performance. 

B.  Examine roughing-in for electrical power systems to  verify actual 

locations of wiring connections before electrified door hardware 

installation. 

C.  Proceed with installation only after unsatisfactory  conditions have 

been corrected. 

3.2  PREPARATION 

A.  Steel Doors and Frames:  Comply with DHI A115 Serie s. 

1.  Surface-Applied Door Hardware:  Drill and tap doors  and frames 

according to ANSI A250.6. 

3.3  INSTALLATION 

A.  Mounting Heights:  Mount door hardware units at hei ghts indicated as 

follows unless otherwise indicated or required to c omply with 

governing regulations. 

1.  Standard Steel Doors and Frames:  DHI's "Recommende d Locations 

for Architectural Hardware for Standard Steel Doors  and Frames." 

2.  Custom Steel Doors and Frames:  DHI's "Recommended Locations for 

Builders' Hardware for Custom Steel Doors and Frame s." 

B.  Install each door hardware item to comply with manu facturer's written 

instructions.  Where cutting and fitting are requir ed to install door 

hardware onto or into surfaces that are later to be  painted or 

finished in another way, coordinate removal, storag e, and 

reinstallation of surface protective trim units wit h finishing work 
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specified in Division 09 Sections.  Do not install surface-mounted 

items until finishes have been completed on substra tes involved. 

1.  Set units level, plumb, and true to line and locati on.  Adjust 

and reinforce attachment substrates as necessary fo r proper 

installation and operation. 

2.  Drill and countersink units that are not factory pr epared for 

anchorage fasteners.  Space fasteners and anchors a ccording to 

industry standards. 

3.4  ADJUSTING 

A.  Initial Adjustment:  Adjust and check each operatin g item of door 

hardware and each door to ensure proper operation o r function of every 

unit.  Replace units that cannot be adjusted to ope rate as intended.  

Adjust door control devices to compensate for final  operation of 

heating and ventilating equipment and to comply wit h referenced 

accessibility requirements. 

1.  Door Closers:  Unless otherwise required by authori ties having 

jurisdiction, adjust sweep period so that, from an open position 

of 70 degrees, the door will take at least 3 second s to move to a 

point 3 inches (75 mm) from the latch, measured to the leading 

edge of the door. 

3.5  CLEANING AND PROTECTION 

A.  Clean adjacent surfaces soiled by door hardware ins tallation. 

B.  Clean operating items as necessary to restore prope r function and 

finish. 

C.  Provide final protection and maintain conditions th at ensure that door 

hardware is without damage or deterioration at time  of Substantial 

Completion. 

3.6  DOOR HARDWARE GROUPS 

 

Hardware Set 1  
 

 Each to receive:  
 

 8 EA Hinge  T4A3786 NRP 4.5" x 4.5" US26D  
 

 1 EA Cylinder Lock (Removable Mullion)   
 

 1 EA Threshold  425E  (108”)  
 2  EA Sweep 200NA  (54”)  
  

1 EA Gasketing  160 SA (328”) 
  
 *Astragal by Door Supplier  
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Hardware Set 2  
 

 Each to receive:  
 

 3 EA Hinge  T4A3786 NRP 4.5" x 4.5" US26D  
 

 1 EA Mortise Lock  MA521 D P6 DG 626  
 

 1 EA Surface Closer  4040XP  HCush 
 1  EA Kickplate  K1050 16" x 34" US32D 
 

 1 EA Threshold  425E (36”) 
 1  EA Sweep 200NA (36”) 
 1  EA Gasketing  160 SA (208”)  
 

 

--- END OF SECTION 08 71 00 --- 
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SECTION 08 90 00 

LOUVERS AND VENTS 

 

PART 1 - GENERAL  

1.1 DESCRIPTION 

A. This section specifies fixed and operable wall l ouvers, door louvers and 

wall vents. 

1.2 RELATED WORK  

A. Louvers in steel doors: Section 08 11 13, HOLLOW  METAL DOORS AND FRAMES. 

1.3 SUBMITTALS 

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT DATA, 

AND SAMPLES. 

B. Shop Drawings: 

 Each type, showing material, finish, size of membe rs, operating devices, 

method of assembly, and installation and anchorage details. 

C. Manufacturer's Literature and Data: 

 Each type of louver and vent. 

1.4 APPLICABLE PUBLICATIONS 

A. The publications listed below form a part of thi s specification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. 

B. The Master Painters Institute (MPI): 

Approved Product List – September 2011 

C. American Society for Testing and Materials (ASTM ): 

A167-99(R2009)..........Stainless and Heat-Resistin g Chromium - Nickel 

Steel Plate, Sheet, and Strip 

A1008/A1008M-10.........Steel, Sheet, Carbon, Cold Rolled, Structural, 

and High Strength Low-Alloy with Improved 

Formability 

B209/B209M-03(R2007)....Aluminum and Aluminum Alloy , Sheet and Plate 

B221-08.................Aluminum and Aluminum Alloy  Extruded Bars, Rods, 

Wire, Shapes, and Tubes 

B221M-07................Aluminum and Aluminum Alloy  Extruded Bars, Rods, 

Wire Shapes, and Tubes 

D. National Association of Architectural Metal Manu facturers (NAAMM): 
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AMP 500-06..............Metal Finishes Manual 

E. National Fire Protection Association (NFPA): 

90A-09..................Installation of Air Conditi oning and Ventilating 

Systems  

F. American Architectural Manufacturers Association  (AAMA): 

2605-11.................High Performance Organic Co atings on 

Architectural Extrusions and Panels 

G. Air Movement and Control Association, Inc. (AMCA ): 

500-L-07................Testing Louvers 

PART 2 - PRODUCTS  

2.1 MATERIALS 

A. Aluminum, Extruded: ASTM B221/B221M. 

B. Stainless Steel: ASTM A167, Type 302B. 

C. Carbon Steel: ASTM A1008/A1008M. 

D. Aluminum, Plate and Sheet: ASTM B209/B209M. 

E. Fasteners: Fasteners for securing louvers and wa ll vents to adjoining 

construction, except as otherwise specified or show n, shall be toggle or 

expansion bolts, of size and type as required for e ach specific type of 

installation and service condition. 

1. Where type, size, or spacing of fasteners is not  shown or specified, 

submit shop drawings showing proposed fasteners, an d method of 

installation. 

2. Fasteners for louvers, louver frames, and wire g uards shall be of 

stainless steel or aluminum. 

F. Inorganic Zinc Primer: MPI No. 19. 

2.2 EXTERIOR WALL LOUVERS  

A. General:  

1. Provide fixed type louvers of size and design sh own. 

2. Heads, sills and jamb sections shall have formed  caulking slots or be 

designed to retain caulking. Head sections shall ha ve exterior drip 

lip, and sill sections an integral water stop. 

3. Furnish louvers with sill extension or separate sill as shown. 

4. Frame shall be mechanically fastened or welded c onstruction with 

welds dressed smooth and flush. 

 

B. Performance Characteristics: 
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1. Weather louvers shall have a minimum of 54 perce nt free area and 

shall pass 600(fpm) free area velocity at a pressur e drop not 

exceeding 0.07 (inch) water gage.  Louver shall car ry not more than 

0.01 ounces of water per square foot at 873 fpm of free area for 15 

minutes when tested per AMCA Standard 500-L. 

2. Louvers shall bear AMCA certified rating seals f or air performance 

and water penetration ratings. 

C. Aluminum Louvers: 

1. General: Frames, blades, sills and mullions (sli ding interlocking 

type); 2 mm (0.081-inch) thick extruded aluminum. B lades shall be 

drainable type and have reinforcing bosses. 

2. Louvers, fixed: Make frame sizes 13 mm (1/2-inch ) smaller than 

openings. Single louvers frames shall not exceed 17 00 mm (66 inches) 

wide. When openings exceed 1700 mm (66 inches), pro vide twin louvers 

separated by mullion members. 

2.3 CLOSURE ANGLES AND CLOSURE PLATES 

A. Fabricate from 2 mm (0.074-inch) thick stainless  steel or aluminum. 

B. Provide continuous closure angles and closure pl ates on inside head, 

jambs and sill of exterior wall louvers. 

C. Secure angles and plates to louver frames with s crews, and to masonry or 

concrete with fasteners as specified. 

2.4 WIRE GUARDS 

A. Provide wire guards on outside of all exterior l ouvers, except on 

exhaust air louvers. 

B. Fabricate frames from 2 mm (0.081-inch) thick ex truded or sheet aluminum 

designed to retain wire mesh. 

C. Wire mesh shall be woven from not less than 1.6 mm (0.063-inch) diameter 

aluminum wire 1.3 mm (0.05-inch) diameter stainless  steel wire in 13 mm 

(1/2-inch) square mesh. 

D. Miter corners and join by concealed corner clips  or locks extending 

about 57 mm (2-1/4 inches) into rails and stiles. E quip wire guards over 

four feet in height with a mid-rail constructed as specified for frame 

components. 

E. Fasten frames to outside of louvers with aluminu m or stainless steel 

devices designed to allow removal and replacement w ithout damage to the 

wire guard or the louver. 
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2.5 FINISH 

A. In accordance with NAAMM Metal Finishes Manual: AMP 500-505 

B. Aluminum Louvers: 

1. Anodized finish  

a. AA-C22A42 Chemically etched medium matte, with i ntegrally colored 

anodic coating, Class I Architectural, 0.7 mils thi ck. 

2. Organic Finish: AAMA 2605 (Fluorocarbon coating) . 

C.  Colors to match existing and selected from manufact urers full range 

available. 

2.6 PROTECTION 

A. Provide protection for aluminum against galvanic  action wherever 

dissimilar materials are in contact, by painting th e contact surfaces of 

the dissimilar material with a heavy coat of bitumi nous paint (complete 

coverage), or by separating the contact surfaces wi th a performed 

synthetic rubber tape having pressure sensitive adh esive coating on one 

side. 

B. Isolate the aluminum from plaster, concrete and masonry by coating 

aluminum with zinc-chromate primer. 

C. Protect finished surfaces from damage during fab rication, erection, and 

after completion of the work.  

PART 3 - EXECUTION  

3.1 INSTALLATION 

A. Set work accurately, in alignment and where show n. Items shall be plumb, 

level, free of rack and twist, and set parallel or perpendicular as 

required to line and plane of surface. 

B. Furnish setting drawings and instructions for in stallation of anchors 

and for the positioning of items having anchors to be built into masonry 

construction. Provide temporary bracing for such it ems until masonry is 

set.  

C. Provide anchoring devices and fasteners as neces sary for securing 

louvers and vents to building construction as speci fied. Power actuated 

drive pins may be used, except for removal items an d where members would 

be deformed or substrate damaged by their use. 

D. Generally, set wall louvers in masonry walls dur ing progress of the 

work. If wall louvers and vents are not delivered t o job in time for 

installation in prepared openings, make provision f or later 

installation. Set in cast-in-place concrete in prep ared openings. 
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3.2 CLEANING AND ADJUSTING  

A. After installation, all exposed prefinished and plated items and all 

items fabricated from stainless steel and aluminum shall be cleaned as 

recommended by the manufacturer and protected from damage until 

completion of the project. 

B. All movable parts, including hardware, shall be cleaned and adjusted to 

operate as designed without binding or deformation of the members, so as 

to be centered in the opening of frame, and where a pplicable, to have 

all contact surfaces fit tight and even without for cing or warping the 

components  

- - - E N D - - - 
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SECTION 23 05 11 
COMMON WORK RESULTS FOR HVAC  

PART 1 - GENERAL  

1.1 DESCRIPTION  

A. The requirements of this Section apply to all se ctions of Division 23.  

B. Definitions: 

1. Exposed: Piping, ductwork, and equipment exposed  to view in finished 

rooms.  

2. Option or optional: Contractor's choice of an al ternate material or 

method.  

3. RE: Resident Engineer 

4. COTR: Contracting Officer’s Technical Representa tive. 

 

1.2 QUALITY ASSURANCE  

A. Mechanical, electrical and associated systems sh all be safe, reliable, 

efficient, durable, easily and safely operable and maintainable, easily 

and safely accessible, and in compliance with appli cable codes as 

specified. The systems shall be comprised of high q uality institutional-

class and industrial-class products of manufacturer s that are 

experienced specialists in the required product lin es. All construction 

firms and personnel shall be experienced and qualif ied specialists in 

industrial and institutional HVAC  

B. Flow Rate Tolerance for HVAC Equipment: Section 23 05 93, TESTING, 

ADJUSTING, AND BALANCING FOR HVAC. 

C. Products Criteria: 

1. Standard Products: Material and equipment shall be the standard 

products of a manufacturer regularly engaged in the  manufacture of 

the products for at least 3 years (or longer as spe cified elsewhere). 

The design, model and size of each item shall have been in 

satisfactory and efficient operation on at least th ree installations 

for approximately three years. However, digital ele ctronics devices, 

software and systems such as controls, instruments,  computer work 

station, shall be the current generation of technol ogy and basic 

design that has a proven satisfactory service recor d of at least 

three years. See other specification sections for a ny exceptions 

and/or additional requirements. 
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2. All items furnished shall be free from defects t hat would adversely 

affect the performance, maintainability and appeara nce of individual 

components and overall assembly. 

3. Conform to codes and standards as required by th e specifications. 

Conform to local codes, if required by local author ities such as the 

natural gas supplier, if the local codes are more s tringent then 

those specified. Refer any conflicts to the Residen t Engineer. 

4. Multiple Units: When two or more units of materi als or equipment of 

the same type or class are required, these units sh all be products of 

one manufacturer. 

5. Assembled Units: Manufacturers of equipment asse mblies, which use 

components made by others, assume complete responsi bility for the 

final assembled product. 

6. Nameplates: Nameplate bearing manufacturer's nam e or identifiable 

trademark shall be securely affixed in a conspicuou s place on 

equipment, or name or trademark cast integrally wit h equipment, 

stamped or otherwise permanently marked on each ite m of equipment. 

7. Asbestos products or equipment or materials cont aining asbestos shall 

not be used. 

D. Equipment Service Organizations:  

1. HVAC: Products and systems shall be supported by  service 

organizations that maintain a complete inventory of  repair parts and 

are located within 50 miles  to the site.  

E. HVAC Mechanical Systems Welding: Before any weld ing is performed, 

contractor shall submit a certificate certifying th at welders comply 

with the following requirements: 

1. Qualify welding processes and operators for pipi ng according to ASME 

"Boiler and Pressure Vessel Code", Section IX, "Wel ding and Brazing 

Qualifications". 

2. Comply with provisions of ASME B31 series "Code for Pressure Piping". 

3. Certify that each welder has passed American Wel ding Society (AWS) 

qualification tests for the welding processes invol ved, and that 

certification is current. 

 

 

 

 

F. Execution (Installation, Construction) Quality: 
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1. Apply and install all items in accordance with m anufacturer's written 

instructions. Refer conflicts between the manufactu rer's instructions 

and the contract drawings and specifications to the  Resident Engineer 

for resolution. Provide written hard copies or comp uter files of 

manufacturer’s installation instructions to the Res ident Engineer at 

least two weeks prior to commencing installation of  any item. 

Installation of the item will not be allowed to pro ceed until the 

recommendations are received. Failure to furnish th ese 

recommendations is a cause for rejection of the mat erial. 

2. Provide complete layout drawings required by Par agraph, SUBMITTALS.  

Do not commence construction work on any system unt il the layout 

drawings have been approved. 

G. Upon request by Government, provide lists of pre vious installations for 

selected items of equipment.  Include contact perso ns who will serve as 

references, with telephone numbers and e-mail addre sses. 

1.3 SUBMITTALS  

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT DATA, 

AND SAMPLES, and with requirements in the individua l specification 

sections.  

B. Contractor shall make all necessary field measur ements and 

investigations to assure that the equipment and ass emblies will meet 

contract requirements. 

C. If equipment is submitted which differs in arran gement from that shown, 

provide drawings that show the rearrangement of all  associated systems. 

Approval will be given only if all features of the equipment and 

associated systems, including accessibility, are eq uivalent to that 

required by the contract. 

D. Prior to submitting shop drawings for approval, contractor shall certify 

in writing that manufacturers of all major items of  equipment have each 

reviewed drawings and specifications, and have join tly coordinated and 

properly integrated their equipment and controls to  provide a complete 

and efficient installation. 

 

 

 

E. Submittals and shop drawings for interdependent items, containing 

applicable descriptive information, shall be furnis hed together and 

complete in a group. Coordinate and properly integr ate materials and 
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equipment in each group to provide a completely com patible and 

efficient. 

H. Manufacturer's Literature and Data: Submit under  the pertinent section 

rather than under this section.  

1. Submit belt drive with the driven equipment. Sub mit selection data 

for specific drives when requested by the Resident Engineer.  

2. Submit electric motor data and variable speed dr ive data with the 

driven equipment.  

3. Equipment and materials identification.  

4. Fire-stopping materials.  

5. Hangers, inserts, supports and bracing. Provide load calculations for 

variable spring and constant support hangers.   

6. Wall, floor, and ceiling plates.  

I. HVAC Maintenance Data and Operating Instructions :  

1. Maintenance and operating manuals in accordance with Section 01 00 

00, GENERAL REQUIREMENTS, Article, INSTRUCTIONS, fo r systems and 

equipment.  

 

2. Provide a listing of recommended replacement par ts for keeping in 

stock supply, including sources of supply, for equi pment. Include in 

the listing belts for equipment: Belt manufacturer,  model number, 

size and style, and distinguished whether of multip le belt sets.  

J. Provide copies of approved HVAC equipment submit tals to the Testing, 

Adjusting and Balancing Subcontractor.  

1.4 APPLICABLE PUBLICATIONS  

A. The publications listed below form a part of thi s specification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only.  

B. Air Conditioning, Heating and Refrigeration Inst itute (AHRI):  

430-2009................Central Station Air-Handlin g Units  

C. American National Standard Institute (ANSI):  

B31.1-2007..............Power Piping  

D. Rubber Manufacturers Association (ANSI/RMA):  

IP-20-2007..............Specifications for Drives U sing Classical 

V-Belts and Sheaves 

IP-21-2009..............Specifications for Drives U sing Double-V 

(Hexagonal) Belts  
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IP-22-2007..............Specifications for Drives U sing Narrow V-Belts 

and Sheaves  

E. Air Movement and Control Association (AMCA):  

410-96..................Recommended Safety Practice s for Air Moving 

Devices  

F. American Society of Mechanical Engineers (ASME):   

Boiler and Pressure Vessel Code (BPVC):  

Section I-2007..........Power Boilers 

Section IX-2007.........Welding and Brazing Qualifi cations  

 Code for Pressure Piping: 

B31.1-2007..............Power Piping 

G. American Society for Testing and Materials (ASTM ):  

A36/A36M-08.............Standard Specification for Carbon Structural 

Steel 

A575-96(2007)...........Standard Specification for Steel Bars, Carbon, 

Merchant Quality, M-Grades  

E84-10..................Standard Test Method for Su rface Burning 

Characteristics of Building Materials  

E119-09c................Standard Test Methods for F ire Tests of Building 

Construction and Materials  

H. Manufacturers Standardization Society (MSS) of t he Valve and Fittings 

Industry, Inc:  

SP-58-2009..............Pipe Hangers and Supports-M aterials, Design and 

Manufacture, Selection, Application, and 

Installation  

SP 69-2003..............Pipe Hangers and Supports-S election and 

Application 

SP 127-2001.............Bracing for Piping Systems,  Seismic – Wind – 

Dynamic, Design, Selection, Application 

I.  National Electrical Manufacturers Association (NEMA ): 

MG-1-2009...............Motors and Generators 

J. National Fire Protection Association (NFPA):  

31-06...................Standard for Installation o f Oil-Burning 

Equipment 

54-09...................National Fuel Gas Code 

70-08...................National Electrical Code 

85-07...................Boiler and Combustion Syste ms Hazards Code 
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90A-09..................Standard for the Installati on of Air 

Conditioning and Ventilating Systems  

101-09..................Life Safety Code  

1.5 DELIVERY, STORAGE AND HANDLING  

A. Protection of Equipment:  

1. Equipment and material placed on the job site sh all remain in the 

custody of the Contractor until phased acceptance, whether or not the 

Government has reimbursed the Contractor for the eq uipment and 

material. The Contractor is solely responsible for the protection of 

such equipment and material against any damage. 

2. Place damaged equipment in first class, new oper ating condition; or, 

replace same as determined and directed by the Resi dent Engineer. 

Such repair or replacement shall be at no additiona l cost to the 

Government. 

3. Protect interiors of new equipment and piping sy stems against entry 

of foreign matter. Clean both inside and outside be fore painting or 

placing equipment in operation. 

4. Existing equipment and piping being worked on by  the Contractor shall 

be under the custody and responsibility of the Cont ractor and shall 

be protected as required for new work. 

B. Cleanliness of Piping and Equipment Systems: 

1. Exercise care in storage and handling of equipme nt and piping 

material to be incorporated in the work. Remove deb ris arising from 

cutting, threading and welding of piping. 

2. Piping systems shall be flushed, blown or pigged  as necessary to 

deliver clean systems. 

3. Clean interior of all tanks prior to delivery fo r beneficial use by 

the Government. 

4. Boilers shall be left clean following final inte rnal inspection by 

Government insurance representative or inspector. 

5. Contractor shall be fully responsible for all co sts, damage, and 

delay arising from failure to provide clean systems . 

  1.6 JOB CONDITIONS – WORK IN EXISTING BUILDING 

A. Building Operation: Government employees will be  continuously operating 

and managing all facilities, including temporary fa cilities, that serve 

the medical center.  

B. Maintenance of Service: Schedule all work to per mit continuous service 

as required by the medical center.  



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

23 05 11 - 7 

C. Steam and Condensate Service Interruptions: Limi ted steam and condensate 

service interruptions, as required for interconnect ions of new and 

existing systems, will be permitted by the Resident  Engineer during 

periods when the demands are not critical to the op eration of the 

medical center. These non-critical periods are limi ted to between 8 pm 

and 5 am in the appropriate off-season (if applicab le).  Provide at 

least one week advance notice to the Resident Engin eer.  

D. Phasing of Work: Comply with all requirements sh own on drawings or 

specified. 

E. Building Working Environment: Maintain the archi tectural and structural 

integrity of the building and the working environme nt at all times. 

Maintain the interior of building at 18 degrees C ( 65 degrees F) 

minimum. Limit the opening of doors, windows or oth er access openings to 

brief periods as necessary for rigging purposes. No  storm water or 

ground water leakage permitted. Provide daily clean -up of construction 

and demolition debris on all floor surfaces and on all equipment being 

operated by VA.  

F. Acceptance of Work for Government Operation: As new facilities are made 

available for operation and these facilities are of  beneficial use to 

the Government, inspections will be made and tests will be performed. 

Based on the inspections, a list of contract defici encies will be issued 

to the Contractor. After correction of deficiencies  as necessary for 

beneficial use, the Contracting Officer will proces s necessary 

acceptance and the equipment will then be under the  control and 

operation of Government personnel. 

PART 2 - PRODUCTS  

2.1 FACTORY-ASSEMBLED PRODUCTS 

A. Provide maximum standardization of components to  reduce spare part 

requirements. 

B. Manufacturers of equipment assemblies that inclu de components made by 

others shall assume complete responsibility for fin al assembled unit. 

1. All components of an assembled unit need not be products of same 

manufacturer. 

2. Constituent parts that are alike shall be produc ts of a single 

manufacturer. 

3. Components shall be compatible with each other a nd with the total 

assembly for intended service. 
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4. Contractor shall guarantee performance of assemb lies of components, 

and shall repair or replace elements of the assembl ies as required to 

deliver specified performance of the complete assem bly. 

C. Components of equipment shall bear manufacturer' s name and trademark, 

model number, serial number and performance data on  a name plate 

securely affixed in a conspicuous place, or cast in tegral with, stamped 

or otherwise permanently marked upon the components  of the equipment. 

D. Major items of equipment, which serve the same f unction, must be the 

same make and model. Exceptions will be permitted i f performance 

requirements cannot be met. 

2.2 COMPATIBILITY OF RELATED EQUIPMENT  

A. Equipment and materials installed shall be compa tible in all respects 

with other items being furnished and with existing items so that the 

result will be a complete and fully operational pla nt that conforms to 

contract requirements. 

2.3 BELT DRIVES  

A. Type: ANSI/RMA standard V-belts with proper moto r pulley and driven 

sheave. Belts shall be constructed of reinforced co rd and rubber.  

B. Dimensions, rating and selection standards:  ANS I/RMA IP-20 and IP-21.  

C. Minimum Horsepower Rating: Motor horsepower plus  recommended ANSI/RMA 

service factor (not less than 20 percent) in additi on to the ANSI/RMA 

allowances for pitch diameter, center distance, and  arc of contact.  

D. Maximum Speed: 25 m/s (5000 feet per minute).  

E. Adjustment Provisions: For alignment and ANSI/RM A standard allowances 

for installation and take-up.  

F. Drives may utilize a single V-Belt (any cross se ction) when it is the 

manufacturer's standard.  

G. Multiple Belts: Matched to ANSI/RMA specified li mits by measurement on a 

belt measuring fixture. Seal matched sets together to prevent mixing or 

partial loss of sets. Replacement, when necessary, shall be an entire 

set of new matched belts.  

H. Sheaves and Pulleys:  

1. Material: Pressed steel, or close grained cast i ron.  

2. Bore: Fixed or bushing type for securing to shaf t with keys.  

3. Balanced: Statically and dynamically.  

4. Groove spacing for driving and driven pulleys sh all be the same.  

I. Drive Types, Based on ARI 435:  

1. Provide adjustable-pitch drive as follows:  
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a. Fan speeds up to 1800 RPM: 7.5 kW (10 horsepower ) and smaller.  

b. Fan speeds over 1800 RPM: 2.2 kW (3 horsepower) and smaller.  

2. Provide fixed-pitch drives for drives larger tha n those listed above.  

3. The final fan speeds required to just meet the s ystem CFM and 

pressure requirements, without throttling, shall be  determined by 

adjustment of a temporary adjustable-pitch motor sh eave or by fan law 

calculation if a fixed-pitch drive is used initiall y.  

2.4 DRIVE GUARDS  

A. For machinery and equipment, provide guards as s hown in AMCA 410 for 

belts, chains, couplings, pulleys, sheaves, shafts,  gears and other 

moving parts regardless of height above the floor t o prevent damage to 

equipment and injury to personnel. Drive guards may  be excluded where 

motors and drives are inside factory fabricated air  handling unit 

casings.  

B. Pump shafts and couplings shall be fully guarded  by a sheet steel guard, 

covering coupling and shaft but not bearings. Mater ial shall be minimum 

16-gage sheet steel; ends shall be braked and drill ed and attached to 

pump base with minimum of four 6 mm (1/4-inch) bolt s. Reinforce guard as 

necessary to prevent side play forcing guard onto c ouplings. 

C. V-belt and sheave assemblies shall be totally en closed, firmly mounted, 

non-resonant. Guard shall be an assembly of minimum  22-gage sheet steel 

and expanded or perforated metal to permit observat ion of belts. 25 mm 

(one-inch) diameter hole shall be provided at each shaft centerline to 

permit speed measurement. 

D. Materials: Sheet steel, cast iron, expanded meta l or wire mesh rigidly 

secured so as to be removable without disassembling  pipe, duct, or 

electrical connections to equipment.  

E. Access for Speed Measurement: 25 mm (One inch) d iameter hole at each 

shaft center.  

2.5 LIFTING ATTACHMENTS  

A. Provide equipment with suitable lifting attachme nts to enable equipment 

to be lifted in its normal position. Lifting attach ments shall withstand 

any handling conditions that might be encountered, without bending or 

distortion of shape, such as rapid lowering and bra king of load. 

2.6 ELECTRIC MOTORS  

A. All material and equipment furnished and install ation methods shall 

conform to the requirements of Section 23 05 12, GE NERAL MOTOR 

REQUIREMENTS FOR HVAC AND STEAM GENERATION EQUIPMENT; Section 26 29 11, 
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LOW-VOLTAGE MOTOR STARTERS; and, Section 26 05 21, LOW-VOLTAGE 

ELECTRICAL POWER CONDUCTORS AND CABLES (600 VOLTS AND BELOW). Provide 

all electrical wiring, conduit, and devices necessa ry for the proper 

connection, protection and operation of the systems . Provide special 

energy efficient premium efficiency type motors as scheduled.  

2.8 EQUIPMENT AND MATERIALS IDENTIFICATION  

  A. Use symbols, nomenclature and equipment number s specified, shown on the 

drawings and shown in the maintenance manuals.  

B. Interior (Indoor) Equipment: Engraved nameplates , with letters not less 

than 48 mm (3/16-inch) high of brass with black-fil led letters, or rigid 

black plastic with white letters specified in Secti on 09 91 00, PAINTING 

permanently fastened to the equipment. Identify uni t components such as 

coils, filters, fans, etc.  

C. Exterior (Outdoor) Equipment: Brass nameplates, with engraved black 

filled letters, not less than 48 mm (3/16-inch) hig h riveted or bolted 

to the equipment.  

D. Control Items: Label all temperature and humidit y sensors, controllers 

and control dampers. Identify and label each item a s they appear on the 

control diagrams.  

E. Valve Tags and Lists:  

1. HVAC and Boiler Plant: Provide for all valves. 

2. Valve tags: Engraved black filled numbers and le tters not less than 

13 mm (1/2-inch) high for number designation, and n ot less than 6.4 

mm(1/4-inch) for service designation on 19 gage 38 mm (1-1/2 inches) 

round brass disc, attached with brass "S" hook or b rass chain.  

3. Valve lists: Typed or printed plastic coated car d(s), sized 216 

mm(8-1/2 inches) by 280 mm (11 inches) showing tag number, valve 

function and area of control, for each service or s ystem. Punch 

sheets for a 3-ring notebook. 

4. Provide detailed plan for each floor of the buil ding indicating the 

location and valve number for each valve. Identify location of each 

valve with a color coded thumb tack in ceiling. 

2.9 FIRESTOPPING  

A. Section 07 84 00, FIRESTOPPING specifies an effe ctive barrier against 

the spread of fire, smoke and gases where penetrati ons occur for piping 

and ductwork. Refer to Section 23 07 11, HVAC, PLUM BING, AND BOILER 

PLANT INSULATION, for firestop pipe and duct insula tion.  
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2.10 GALVANIZED REPAIR COMPOUND 

A. Mil. Spec. DOD-P-21035B, paint form.  

2.11 HVAC PIPE AND EQUIPMENT SUPPORTS AND RESTRAINT S  

A. Supports for Roof Mounted Items:  

1. Equipment: Equipment rails shall be galvanized s teel, minimum 1.3 mm 

(18 gauge), with integral baseplate, continuous wel ded corner seams, 

factory installed 50 mm by 100 mm (2 by 4) treated wood nailer, 1.3 

mm (18 gauge) galvanized steel counter flashing cap  with screws, 

built-in cant strip, (except for gypsum or tectum d eck), minimum 

height 280 mm (11 inches). For surface insulated ro of deck, provide 

raised cant strip to start at the upper surface of the insulation.  

2. Pipe/duct pedestals: Provide a galvanized Unistr ut channel welded to 

U-shaped mounting brackets which are secured to sid e of rail with 

galvanized lag bolts.  

B. Pipe Supports: Comply with MSS SP-58. Type Numbe rs specified refer to 

this standard. For selection and application comply  with MSS SP-69. 

Refer to Section 05 50 00, METAL FABRICATIONS, for miscellaneous metal 

support materials and prime coat painting requireme nts.  

C. Attachment to Concrete Building Construction: 

1. Concrete insert: MSS SP-58, Type 18.  

2. Self-drilling expansion shields and machine bolt  expansion anchors:  

Permitted in concrete not less than 102 mm (four in ches) thick when 

approved by the Resident Engineer for each job cond ition. 

3. Power-driven fasteners: Permitted in existing co ncrete or masonry not 

less than 102 mm (four inches) thick when approved by the Resident 

Engineer for each job condition.  

D. Attachment to Steel Building Construction:  

1. Welded attachment: MSS SP-58, Type 22.  

2. Beam clamps: MSS SP-58, Types 20, 21, 28 or 29. Type 23 C-clamp may 

be used for individual copper tubing up to 23mm (7/ 8-inch) outside 

diameter.  

  E. Attachment to existing structure: Support from  existing floor/roof 

frame. 

F. Attachment to Wood Construction: Wood screws or lag bolts.  

G. Hanger Rods: Hot-rolled steel, ASTM A36 or A575 for allowable load 

listed in MSS SP-58. For piping, provide adjustment  means for 

controlling level or slope. Types 13 or 15 turn-buc kles shall provide 38 
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mm (1-1/2 inches) minimum of adjustment and incorpo rate locknuts. 

All-thread rods are acceptable.  

H. Hangers Supporting Multiple Pipes (Trapeze Hange rs): Galvanized, cold 

formed, lipped steel channel horizontal member, not  less than 41 mm by 

41 mm (1-5/8 inches by 1-5/8 inches) ,  2.7 mm (No. 12 gage), designed to 

accept special spring held, hardened steel nuts. No t permitted for steam 

supply and condensate piping.  

1. Allowable hanger load: Manufacturers rating less  91kg (200 pounds).  

2. Guide individual pipes on the horizontal member of every other 

trapeze hanger with 6 mm (1/4-inch) U-bolt fabricat ed from steel rod. 

Provide Type 40 insulation shield, secured by two 1 3mm (1/2-inch) 

galvanized steel bands, or preinsulated calcium sil icate shield for 

insulated piping at each hanger.  

I. Supports for Piping Systems: 

1. Select hangers sized to encircle insulation on i nsulated piping. 

Refer to Section 23 07 11, HVAC, PLUMBING, AND BOIL ER PLANT 

INSULATION for insulation thickness. To protect ins ulation, provide 

Type 39 saddles for roller type supports or preinsu lated calcium 

silicate shields. Provide Type 40 insulation shield  or preinsulated 

calcium silicate shield at all other types of suppo rts and hangers 

including those for preinsulated piping. 

2. Piping Systems except High and Medium Pressure S team (MSS SP-58):  

a. Standard clevis hanger: Type 1; provide locknut.   

b. Riser clamps: Type 8.  

c. Wall brackets: Types 31, 32 or 33.  

d. Roller supports: Type 41, 43, 44 and 46.  

e. Saddle support: Type 36, 37 or 38.  

f. Turnbuckle: Types 13 or 15. Preinsulate. 

g. U-bolt clamp: Type 24.  

h. Copper Tube:  

1) Hangers, clamps and other support material in co ntact with 

tubing shall be painted with copper colored epoxy p aint, 

plastic coated or taped with non adhesive isolation  tape to 

prevent electrolysis. 

2) For vertical runs use epoxy painted or plastic c oated riser 

clamps. 

3) For supporting tube to strut: Provide epoxy pain ted pipe straps 

for copper tube or plastic inserted vibration isola tion clamps. 
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4) Insulated Lines: Provide pre-insulated calcium s ilicate shields 

sized for copper tube. 

i. Supports for plastic or glass piping: As recomme nded by the pipe 

manufacturer with black rubber tape extending one i nch beyond 

steel support or clamp.  

3. High and Medium Pressure Steam (MSS SP-58):  

a. Provide eye rod or Type 17 eye nut near the uppe r attachment.  

b. Piping 50 mm (2 inches) and larger: Type 43 roll er hanger. For 

roller hangers requiring seismic bracing provide a Type 1 clevis 

hanger with Type 41 roller attached by flat side ba rs.  

  c. Piping with Vertical Expansion and Contraction :  

1) Movement up to 20 mm (3/4-inch): Type 51 or 52 v ariable spring 

unit with integral turn buckle and load indicator.  

2) Movement more than 20 mm (3/4-inch): Type 54 or 55 constant 

support unit with integral adjusting nut, turn buck le and 

travel position indicator. 

4. Convertor and Expansion Tank Hangers: May be Typ e 1 sized for the 

shell diameter. Insulation where required will cove r the hangers. 

 

 

J. Pre-insulated Calcium Silicate Shields: 

1. Provide 360 degree water resistant high density 965 kPa (140 psi) 

compressive strength calcium silicate shields encas ed in galvanized 

metal. 

2. Pre-insulated calcium silicate shields to be ins talled at the point 

of support during erection. 

3. Shield thickness shall match the pipe insulation . 

4. The type of shield is selected by the temperatur e of the pipe, the 

load it  must carry, and the type of support it wil l be used with. 

a. Shields for supporting chilled or cold water sha ll have insulation 

that extends a minimum of 1 inch past the sheet met al. Provide for 

an adequate vapor barrier in chilled lines. 

b. The pre-insulated calcium silicate shield shall support the 

maximum allowable water filled span as indicated in  MSS-SP 69. To 

support the load, the shields may have one or more of the 

following features: structural inserts 4138 kPa (60 0 psi) 

compressive strength, an extra bottom metal shield,  or formed 
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structural steel (ASTM A36) wear plates welded to t he bottom sheet 

metal jacket. 

5.  Shields may be used on steel clevis hanger type sup ports, roller 

supports or flat surfaces. 

2.12 PIPE PENETRATIONS 

A. Install sleeves during construction for other th an blocked out floor 

openings for risers in mechanical bays.  

B. To prevent accidental liquid spills from passing  to a lower level, 

provide the following:  

1. For sleeves: Extend sleeve 25 mm (one inch) abov e finished floor and 

provide sealant for watertight joint.  

2. For blocked out floor openings: Provide 40 mm (1 -1/2 inch) angle set 

in silicone adhesive around opening.  

3. For drilled penetrations: Provide 40 mm (1-1/2 i nch) angle ring or 

square set in silicone adhesive around penetration.   

C. Penetrations are not allowed through beams or ri bs, but may be installed 

in concrete beam flanges. Any deviation from these requirements must 

receive prior approval of Resident Engineer.  

D. Sheet Metal, Plastic, or Moisture-resistant Fibe r Sleeves: Provide for 

pipe passing through floors, interior walls, and pa rtitions, unless 

brass or steel pipe sleeves are specifically called  for below. 

E. Cast Iron or Zinc Coated Pipe Sleeves: Provide f or pipe passing through 

exterior walls below grade. Make space between slee ve and pipe 

watertight with a modular or link rubber seal. Seal  shall be applied at 

both ends of sleeve.  

F. Galvanized Steel or an alternate Black Iron Pipe  with asphalt coating 

Sleeves: Provide for pipe passing through concrete beam flanges, except 

where brass pipe sleeves are called for. Provide sl eeve for pipe passing 

through floor of mechanical rooms, laundry work roo ms, and animal rooms 

above basement. Except in mechanical rooms, connect  sleeve with floor 

plate.  

G. Brass Pipe Sleeves: Provide for pipe passing thr ough quarry tile, 

terrazzo or ceramic tile floors. Connect sleeve wit h floor plate.  

H. Sleeves are not required for wall hydrants for f ire department 

connections or in drywall construction.  

I. Sleeve Clearance: Sleeve through floors, walls, partitions, and beam 

flanges shall be one inch greater in diameter than external diameter of 

pipe. Sleeve for pipe with insulation shall be larg e enough to 
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accommodate the insulation. Interior openings shall  be caulked tight 

with fire stopping material and sealant to prevent the spread of fire, 

smoke, and gases.  

J. Sealant and Adhesives: Shall be as specified in Section 07 92 00, JOINT 

SEALANTS.  

2.13 DUCT PENETRATIONS  

A. Provide curbs for roof mounted piping, ductwork and equipment.  Curbs 

shall be 18 inches high with continuously welded se ams, built-in cant 

strip, interior baffle with acoustic insulation, cu rb bottom, hinged 

curb adapter. 

B. Provide firestopping for openings through fire a nd smoke barriers, 

maintaining minimum required rating of floor, ceili ng or wall assembly. 

See section 07 84 00, FIRESTOPPING. 

2.14 SPECIAL TOOLS AND LUBRICANTS  

A. Furnish, and turn over to the Resident Engineer,  tools not readily 

available commercially, that are required for disas sembly or adjustment 

of equipment and machinery furnished.  

B. Grease Guns with Attachments for Applicable Fitt ings: One for each type 

of grease required for each motor or other equipmen t.  

C. Refrigerant Tools: Provide system charging/Evacu ation equipment, gauges, 

fittings, and tools required for maintenance of fur nished equipment. 

D. Tool Containers: Hardwood or metal, permanently identified for in tended 

service and mounted, or located, where directed by the Resident 

Engineer.  

E. Lubricants: A minimum of 0.95 L (one quart) of o il, and 0.45 kg (one 

pound) of grease, of equipment manufacturer's recom mended grade and 

type, in unopened containers and properly identifie d as to use for each 

different application.  

2.15 WALL, FLOOR AND CEILING PLATES  

A. Material and Type: Chrome plated brass or chrome  plated steel, one piece 

or split type with concealed hinge, with set screw for fastening to 

pipe, or sleeve. Use plates that fit tight around p ipes, cover openings 

around pipes and cover the entire pipe sleeve proje ction.  

B. Thickness: Not less than 2.4 mm (3/32-inch) for floor plates. For wall 

and ceiling plates, not less than 0.64 mm (0.025-in ch) for up to 80 mm 

(3-inch pipe), 0.89 mm (0.035-inch) for larger pipe .  
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C. Locations: Use where pipe penetrates floors, wal ls and ceilings in 

exposed locations, in finished areas only. Provide a watertight joint in 

spaces where brass or steel pipe sleeves are specif ied.  

2.16 ASBESTOS 

A. Materials containing asbestos are not permitted.  

PART 3 - EXECUTION  

3.1 ARRANGEMENT AND INSTALLATION OF EQUIPMENT AND P IPING  

A. Coordinate location of piping, sleeves, inserts,  hangers, ductwork and 

equipment. Locate piping, sleeves, inserts, hangers , ductwork and 

equipment clear of windows, doors, openings, light outlets, and other 

services and utilities. Prepare equipment layout dr awings to coordinate 

proper location and personnel access of all facilit ies. Submit the 

drawings for review as required by Part 1. Follow m anufacturer's 

published recommendations for installation methods not otherwise 

specified.  

B. Operating Personnel Access and Observation Provi sions:  Select and 

arrange all equipment and systems to provide clear view and easy access, 

without use of portable ladders, for maintenance an d operation of all 

devices including, but not limited to: all equipmen t items, valves, 

filters, strainers, transmitters, sensors, control devices. All gages 

and indicators shall be clearly visible by personne l standing on the 

floor or on permanent platforms. Do not reduce or c hange maintenance and 

operating space and access provisions that are show n on the drawings.  

C. Equipment and Piping Support: Coordinate structu ral systems necessary 

for pipe and equipment support with pipe and equipm ent locations to 

permit proper installation. 

D. Location of pipe sleeves, trenches and chases sh all be accurately 

coordinated with equipment and piping locations. 

 

E. Cutting Holes: 

1. Cut holes through concrete and masonry by rotary  core drill. 

Pneumatic hammer, impact electric, and hand or manu al hammer type 

drill will not be allowed, except as permitted by R esident Engineer 

where working area space is limited. 

2. Locate holes to avoid interference with structur al members such as 

beams or grade beams. Holes shall be laid out in ad vance and drilling 

done only after approval by Resident Engineer. If t he Contractor 
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considers it necessary to drill through structural members, this 

matter shall be referred to Resident Engineer for a pproval. 

3. Do not penetrate membrane waterproofing. 

F. Interconnection of Instrumentation or Control De vices: Generally, 

electrical and pneumatic interconnections are not s hown but must be 

provided. 

G. Minor Piping: Generally, small diameter pipe run s from drips and drains, 

water cooling, and other service are not shown but must be provided. 

H. Electrical and Pneumatic Interconnection of Cont rols and Instruments: 

This generally not shown but must be provided. This  includes 

interconnections of sensors, transmitters, transduc ers, control devices, 

control and instrumentation panels, instruments and  computer 

workstations. Comply with NFPA-70. 

I. Protection and Cleaning:  

1. Equipment and materials shall be carefully handl ed, properly stored, 

and adequately protected to prevent damage before a nd during 

installation, in accordance with the manufacturer's  recommendations 

and as approved by the Resident Engineer. Damaged o r defective items 

in the opinion of the Resident Engineer, shall be r eplaced.  

2. Protect all finished parts of equipment, such as  shafts and bearings 

where accessible, from rust prior to operation by m eans of protective 

grease coating and wrapping. Close pipe openings wi th caps or plugs 

during installation. Tightly cover and protect fixt ures and equipment 

against dirt, water chemical, or mechanical injury.  At completion of 

all work thoroughly clean fixtures, exposed materia ls and equipment.  

J. Concrete and Grout: Use concrete and shrink comp ensating grout 25 MPa 

(3000 psi) minimum, specified in Section 03 30 00, CAST-IN-PLACE 

CONCRETE.  

K. Install gages, thermometers, valves and other de vices with due regard 

for ease in reading or operating and maintaining sa id devices. Locate 

and position thermometers and gages to be easily re ad by operator or 

staff standing on floor or walkway provided. Servic ing shall not require 

dismantling adjacent equipment or pipe work.  

L. Install steam piping expansion joints as per man ufacturer’s 

recommendations. 

M. Work in Existing Building:  

1. Perform as specified in Article, OPERATIONS AND STORAGE AREAS, 

Article, ALTERATIONS, and Article, RESTORATION of t he Section 01 00 
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00, GENERAL REQUIREMENTS for relocation of existing  equipment, 

alterations and restoration of existing building(s) .  

2. As specified in Section 01 00 00, GENERAL REQUIR EMENTS, Article, 

OPERATIONS AND STORAGE AREAS, make alterations to e xisting service 

piping at times that will least interfere with norm al operation of 

the facility.  

3. Cut required openings through existing masonry a nd reinforced 

concrete using diamond core drills. Use of pneumati c hammer type 

drills, impact type electric drills, and hand or ma nual hammer type 

drills, will be permitted only with approval of the  Resident 

Engineer. Locate openings that will least effect st ructural slabs, 

columns, ribs or beams. Refer to the Resident Engin eer for 

determination of proper design for openings through  structural 

sections and opening layouts approval, prior to cut ting or drilling 

into structure. After Resident Engineer's approval,  carefully cut 

opening through construction no larger than absolut ely necessary for 

the required installation.  

N. Work in Animal Research Areas: Seal all pipe and  duct penetrations with 

silicone sealant to prevent entrance of insects.  

O. Switchgear/Electrical Equipment Drip Protection:  Every effort shall be 

made to eliminate the installation of pipe above el ectrical and 

telephone switchgear. If this is not possible, enca se pipe in a second 

pipe with a minimum of joints. Installation of pipi ng, ductwork, leak 

protection apparatus or other installations foreign  to the electrical 

installation shall be located in the space equal to  the width and depth 

of the equipment and extending from to a height of 1.8 m (6 ft.) above 

the equipment of to ceiling structure, whichever is  lower (NFPA 70). 

P. Inaccessible Equipment: 

1. Where the Government determines that the Contrac tor has installed 

equipment not conveniently accessible for operation  and maintenance, 

equipment shall be removed and reinstalled or remed ial action 

performed as directed at no additional cost to the Government. 

2. The term "conveniently accessible" is defined as  capable of being 

reached without the use of ladders, or without clim bing or crawling 

under or over obstacles such as motors, fans, pumps , belt guards, 

transformers, high voltage lines, piping, and ductw ork. 
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3.2 TEMPORARY PIPING AND EQUIPMENT 

A. Continuity of operation of existing facilities w ill generally require 

temporary installation or relocation of equipment a nd piping. 

B. The Contractor shall provide all required facili ties in accordance with 

the requirements of phased construction and mainten ance of service. All 

piping and equipment shall be properly supported, s loped to drain, 

operate without excessive stress, and shall be insu lated where injury 

can occur to personnel by contact with operating fa cilities. The 

requirements of Paragraph 3.1 apply. 

C. Temporary facilities and piping shall be complet ely removed and any 

openings in structures sealed. Provide necessary bl ind flanges and caps 

to seal open piping remaining in service. 

3.3 RIGGING 

A. Design is based on application of available equi pment. Openings in 

building structures are planned to accommodate desi gn scheme. 

B. Alternative methods of equipment delivery may be  offered by Contractor 

and will be considered by Government under specifie d restrictions of 

phasing and maintenance of service as well as struc tural integrity of 

the building. 

C. Close all openings in the building when not requ ired for rigging 

operations to maintain proper environment in the fa cility for Government 

operation and maintenance of service.   

D. Contractor shall provide all facilities required  to deliver specified 

equipment and place on foundations. Attachments to structures for 

rigging purposes and support of equipment on struct ures shall be 

Contractor's full responsibility. Upon request, the  Government will 

check structure adequacy and advise Contractor of r ecommended 

restrictions. 

E. Contractor shall check all clearances, weight li mitations and shall 

offer a rigging plan designed by a Registered Profe ssional Engineer. All 

modifications to structures, including reinforcemen t thereof, shall be 

at Contractor's cost, time and responsibility. 

F. Rigging plan and methods shall be referred to Re sident Engineer for 

evaluation prior to actual work. 

G. Restore building to original condition upon comp letion of rigging work. 

3.4 PIPE AND EQUIPMENT SUPPORTS  

A. Where hanger spacing does not correspond with jo ist or rib spacing, use 

structural steel channels secured directly to joist  and rib structure 
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that will correspond to the required hanger spacing , and then suspend 

the equipment and piping from the channels. Drill o r burn holes in 

structural steel only with the prior approval of th e Resident Engineer.  

B. Use of chain, wire or strap hangers; wood for bl ocking, stays and 

bracing; or, hangers suspended from piping above wi ll not be permitted. 

Replace or thoroughly clean rusty products and pain t with zinc primer.  

C. Use hanger rods that are straight and vertical. Turnbuckles for vertical 

adjustments may be omitted where limited space prev ents use. Provide a 

minimum of 15 mm (1/2-inch) clearance between pipe or piping covering 

and adjacent work.  

D. HVAC Horizontal Pipe Support Spacing: Refer to M SS SP-69. Provide 

additional supports at valves, strainers, in-line p umps and other heavy 

components. Provide a support within one foot of ea ch elbow.  

E. HVAC Vertical Pipe Supports:  

1. Up to 150 mm (6-inch pipe), 9 m (30 feet) long, bolt riser clamps to 

the pipe below couplings, or welded to the pipe and  rests supports 

securely on the building structure.  

2. Vertical pipe larger than the foregoing, support  on base elbows or 

tees, or substantial pipe legs extending to the bui lding structure.  

F. Overhead Supports: 

1. The basic structural system of the building is d esigned to sustain 

the loads imposed by equipment and piping to be sup ported overhead. 

2. Provide steel structural members, in addition to  those shown, of 

adequate capability to support the imposed loads, l ocated in 

accordance with the final approved layout of equipm ent and piping. 

3. Tubing and capillary systems shall be supported in channel troughs. 

 

G. Floor Supports: 

1. Provide concrete bases, concrete anchor blocks a nd pedestals, and 

structural steel systems for support of equipment a nd piping. Anchor 

and dowel concrete bases and structural systems to resist forces 

under operating and seismic conditions (if applicab le) without 

excessive displacement or structural failure. 

 

2. Do not locate or install bases and supports unti l equipment mounted 

thereon has been approved. Size bases to match equi pment mounted 

thereon plus 50 mm (2 inch) excess on all edges. Bo iler foundations 

shall have horizontal dimensions that exceed boiler  base frame 
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dimensions by at least 150 mm (6 inches) on all sid es. Refer to 

structural drawings. Bases shall be neatly finished  and smoothed, 

shall have chamfered edges at the top, and shall be  suitable for 

painting. 

3. All equipment shall be shimmed, leveled, firmly anchored, and grouted 

with epoxy grout. Anchor bolts shall be placed in s leeves, anchored 

to the bases. Fill the annular space between sleeve s and bolts with a 

granular material to permit alignment and realignme nt. 

4.  For seismic anchoring, refer to Section 13 05 41, S EISMIC RESTRAINT 

REQUIREMENTS FOR NON-STRUCTURAL COMPONENTS.  

3.5 MECHANICAL DEMOLITION 

A. Rigging access, other than indicated on the draw ings, shall be provided 

by the Contractor after approval for structural int egrity by the 

Resident Engineer. Such access shall be provided wi thout additional cost 

or time to the Government. Where work is in an oper ating plant, provide 

approved protection from dust and debris at all tim es for the safety of 

plant personnel and maintenance of plant operation and environment of 

the plant. 

B. In an operating facility, maintain the operation , cleanliness and 

safety. Government personnel will be carrying on th eir normal duties of 

operating, cleaning and maintaining equipment and p lant operation. 

Confine the work to the immediate area concerned; m aintain cleanliness 

and wet down demolished materials to eliminate dust . Do not permit 

debris to accumulate in the area to the detriment o f plant operation. 

Perform all flame cutting to maintain the fire safe ty integrity of this 

plant. Adequate fire extinguishing facilities shall  be available at all 

times. Perform all work in accordance with recogniz ed fire protection 

standards. Inspection will be made by personnel of the VA Medical 

Center, and Contractor shall follow all directives of the RE or COTR 

with regard to rigging, safety, fire safety, and ma intenance of 

operations. 

C. Completely remove all piping, wiring, conduit, a nd other devices 

associated with the equipment not to be re-used in the new work. This 

includes all pipe, valves, fittings, insulation, an d all hangers 

including the top connection and any fastenings to building structural 

systems. Seal all openings, after removal of equipm ent, pipes, ducts, 

and other penetrations in roof, walls, floors, in a n approved manner and 

in accordance with plans and specifications where s pecifically covered. 
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Structural integrity of the building system shall b e maintained. 

Reference shall also be made to the drawings and sp ecifications of the 

other disciplines in the project for additional fac ilities to be 

demolished or handled. 

D. All valves including gate, globe, ball, butterfl y and check, all 

pressure gages and thermometers with wells shall re main Government 

property and shall be removed and delivered to Resi dent Engineer and 

stored as directed. The Contractor shall remove all  other material and 

equipment, devices and demolition debris under thes e plans and 

specifications. Such material shall be removed from  Government property 

expeditiously and shall not be allowed to accumulat e. 

3.6 CLEANING AND PAINTING 

A. Prior to final inspection and acceptance of the plant and facilities for 

beneficial use by the Government, the plant facilit ies, equipment and 

systems shall be thoroughly cleaned and painted. Re fer to Section 09 91 

00, PAINTING. 

B. In addition, the following special conditions ap ply: 

1.  Cleaning shall be thorough. Use solvents, cleaning materials and 

methods recommended by the manufacturers for the sp ecific tasks. 

Remove all rust prior to painting and from surfaces  to remain 

unpainted. Repair scratches, scuffs, and abrasions prior to applying 

prime and finish coats.  

2.  Material And Equipment Not To Be Painted Includes: 

a. Motors, controllers, control switches, and safet y switches. 

b. Control and interlock devices. 

c. Regulators. 

d. Pressure reducing valves. 

e. Control valves and thermostatic elements. 

f. Lubrication devices and grease fittings. 

g. Copper, brass, aluminum, stainless steel and bro nze surfaces. 

h. Valve stems and rotating shafts. 

i. Pressure gauges and thermometers. 

j. Glass. 

k. Name plates. 

3. Control and instrument panels shall be cleaned, damaged surfaces 

repaired, and shall be touched-up with matching pai nt obtained from 

panel manufacturer. 
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4. Pumps, motors, steel and cast iron bases, and co upling guards shall 

be cleaned, and shall be touched-up with the same c olor as utilized 

by the pump manufacturer  

5. Temporary Facilities: Apply paint to surfaces th at do not have 

existing finish coats. 

6. Paint shall withstand the following temperatures  without peeling or 

discoloration: 

a. Condensate and feedwater -- 38 degrees C (100 de grees F) on 

insulation jacket surface and 120 degrees C (250 de grees F) on 

metal pipe surface. 

b. Steam -- 52 degrees C (125 degrees F) on insulat ion jacket surface 

and 190 degrees C (375 degrees F) on metal pipe sur face. 

7. Final result shall be smooth, even-colored, even -textured factory 

finish on all items.  Completely repaint the entire  piece of 

equipment if necessary to achieve this. 

3.7 IDENTIFICATION SIGNS 

A. Provide laminated plastic signs, with engraved l ettering not less than 

5 mm (3/16-inch) high, designating functions, for a ll equipment, 

switches, motor controllers, relays, meters, contro l devices, including 

automatic control valves. Nomenclature and identifi cation symbols shall 

correspond to that used in maintenance manual, and in diagrams specified 

elsewhere. Attach by chain, adhesive, or screws. 

B. Factory Built Equipment: Metal plate, securely a ttached, with name and 

address of manufacturer, serial number, model numbe r, size, performance. 

C. Pipe Identification: Refer to Section 09 91 00, PAINTING. 

3.8 MOTOR AND DRIVE ALIGNMENT  

A. Belt Drive: Set driving and driven shafts parall el and align so that the 

corresponding grooves are in the same plane.  

B. Direct-connect Drive: Securely mount motor in ac curate alignment so that 

shafts are free from both angular and parallel misa lignment when both 

motor and driven machine are operating at normal te mperatures.  

3.9 LUBRICATION  

A. Lubricate all devices requiring lubrication prio r to initial operation. 

Field-check all devices for proper lubrication. 

B. Equip all devices with required lubrication fitt ings or devices. Provide 

a minimum of one liter (one quart) of oil and 0.5 k g (one pound) of 

grease of manufacturer's recommended grade and type  for each different 

application; also provide 12 grease sticks for lubr icated plug valves. 
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Deliver all materials to Resident Engineer in unope ned containers that 

are properly identified as to application. 

C. Provide a separate grease gun with attachments f or applicable fittings 

for each type of grease applied. 

D. All lubrication points shall be accessible witho ut disassembling 

equipment, except to remove access plates. 

3.10 STARTUP AND TEMPORARY OPERATION  

A. Start up equipment as described in equipment spe cifications. Verify that 

vibration is within specified tolerance prior to ex tended operation. 

Temporary use of equipment is specified in Section 01 00 00, GENERAL 

REQUIREMENTS, Article, TEMPORARY USE OF MECHANICAL AND ELECTRICAL 

EQUIPMENT.  

3.11 OPERATING AND PERFORMANCE TESTS  

A. Prior to the final inspection, perform required tests as specified in 

Section 01 00 00, GENERAL REQUIREMENTS and submit t he test reports and 

records to the Resident Engineer.  

B. Should evidence of malfunction in any tested sys tem, or piece of 

equipment or component part thereof, occur during o r as a result of 

tests, make proper corrections, repairs or replacem ents, and repeat 

tests at no additional cost to the Government.  

C. When completion of certain work or system occurs  at a time when final 

control settings and adjustments cannot be properly  made to make 

performance tests, then make performance tests for heating systems and 

for cooling systems respectively during first actua l seasonal use of 

respective systems following completion of work.  

3.12 INSTRUCTIONS TO VA PERSONNEL 

A. Provide in accordance with Article, INSTRUCTIONS , of Section 01 00 00, 

GENERAL REQUIREMENTS.  

- - - E N D - - - 
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SECTION 23 05 12 
GENERAL MOTOR REQUIREMENTS FOR HVAC AND STEAM GENERATION EQUIPMENT 

PART 1 - GENERAL  

1.1 DESCRIPTION: 

A. This section specifies the furnishing, installat ion and connection of 

motors for HVAC and steam generation equipment.  

1.2 SUBMITTALS: 

A. In accordance with Section 26 05 11, submit the following:  

B. Shop Drawings:  

1. Provide documentation to demonstrate compliance with drawings and 

specifications. 

2. Include electrical ratings, efficiency, bearing data, power factor, 

frame size, dimensions, mounting details, materials , horsepower, 

voltage, phase, speed (RPM), enclosure, starting ch aracteristics, 

torque characteristics, code letter, full load and locked rotor 

current, service factor, and lubrication method.  

C. Manuals:  

1. Submit simultaneously with the shop drawings, co mpanion copies of 

complete installation, maintenance and operating ma nuals, including 

technical data sheets and application data.   

D. Certification: Two weeks prior to final inspecti on, unless otherwise 

noted, submit four copies of the following certific ation to the Resident 

Engineer:  

1. Certification that the motors have been applied,  installed, adjusted, 

lubricated, and tested according to manufacturer pu blished 

recommendations.  

1.3 APPLICABLE PUBLICATIONS: 

A. The publications listed below form a part of thi s specification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. 

B. National Electrical Manufacturers Association (N EMA):  

MG 1-2006 Rev. 1 2009 ..Motors and Generators 

MG 2–2001 Rev. 1 2007...Safety Standard for Constru ction and Guide for 

Selection, Installation and Use of Electric 

Motors and Generators  

C. National Fire Protection Association (NFPA):  

70-2008.................National Electrical Code (N EC)  
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D. Institute of Electrical and Electronics Engineer s (IEEE):  

112-04..................Standard Test Procedure for  Polyphase Induction 

Motors and Generators  

E. American Society of Heating, Refrigerating and A ir-Conditioning 

Engineers (ASHRAE):  

90.1-2007...............Energy Standard for Buildin gs Except Low-Rise 

Residential Buildings  

PART 2 - PRODUCTS  

2.1 MOTORS: 

A. For alternating current, fractional and integral  horsepower motors, NEMA 

Publications MG 1 and MG 2 shall apply. 

B. All material and equipment furnished and install ation methods shall 

conform to the requirements of Section 26 29 11, LO W-VOLTAGE MOTOR 

STARTERS; and Section 26 05 21, LOW-VOLTAGE ELECTRI CAL POWER CONDUCTORS 

AND CABLES (600 VOLTS AND BELOW). Provide all elect rical wiring, 

conduit, and devices necessary for the proper conne ction, protection and 

operation of the systems. Provide premium efficienc y type motors as 

scheduled. Unless otherwise specified for a particu lar application, use 

electric motors with the following requirements.  

C. Single-phase Motors: Motors for centrifugal fans  and pumps may be split 

phase or permanent split capacitor (PSC) type.  Pro vide capacitor-start 

type for hard starting applications. 

  1. Electrically Commutated motor (EC Type):  Moto r shall be brushless 

DC type specifically designed for applications with  heavy duty ball 

bearings and electronic commutation.  The motor sha ll be speed 

controllable down to 20% of full speed and 85% effi cient at all 

speeds. 

D. Poly-phase Motors: NEMA Design B, Squirrel cage,  induction type.  

1. Two Speed Motors: Each two-speed motor shall hav e two separate 

windings. Provide a time- delay (20 seconds minimum ) relay for 

switching from high to low speed. 

E. Voltage ratings shall be as follows:  

1. Single phase:  

a. Motors connected to 120-volt systems: 115 volts.   

b. Motors connected to 208-volt systems: 200 volts.   

c. Motors connected to 240 volt or 480 volt systems : 230/460 volts, 

dual connection.  

2. Three phase:  
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a. Motors connected to 208-volt systems: 200 volts.   

b. Motors, less than 74.6 kW (100 HP), connected to  240 volt or 480 

volt systems: 208-230/460 volts, dual connection.  

c. Motors, 74.6 kW (100 HP) or larger, connected to  240-volt systems: 

230 volts.  

d. Motors, 74.6 kW (100 HP) or larger, connected to  480-volt systems: 

460 volts.  

e. Motors connected to high voltage systems (Over 6 00V): Shall 

conform to NEMA Standards for connection to the nom inal system 

voltage shown on the drawings.  

F. Number of phases shall be as follows:  

1. Motors, less than 373 W (1/2 HP): Single phase.  

2. Motors, 373 W (1/2 HP) and larger: 3 phase.  

3. Exceptions:  

a. Hermetically sealed motors.  

b. Motors for equipment assemblies, less than 746 W  (one HP), may be 

single phase provided the manufacturer of the propo sed assemblies 

cannot supply the assemblies with three phase motor s.  

G. Motors shall be designed for operating the conne cted loads continuously 

in a 40°C (104°F) environment, where the motors are  installed, without 

exceeding the NEMA standard temperature rises for t he motor insulation.  

If the motors exceed 40°C (104°F), the motors shall  be rated for the 

actual ambient temperatures. 

H. Motor designs, as indicated by the NEMA code let ters, shall be 

coordinated with the connected loads to assure adeq uate starting and 

running torque.  

I. Motor Enclosures:  

1. Shall be the NEMA types as specified and/or show n on the drawings.  

2. Where the types of motor enclosures are not show n on the drawings, 

they shall be the NEMA types, which are most suitab le for the 

environmental conditions where the motors are being  installed.  

Enclosure requirements for certain conditions are a s follows:  

a. Motors located outdoors, indoors in wet or high humidity 

locations, or in unfiltered airstreams shall be tot ally enclosed 

type. 

b. Where motors are located in an NEC 511 classifie d area, provide 

TEFC explosion proof motor enclosures. 
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c. Where motors are located in a corrosive environm ent, provide TEFC 

enclosures with corrosion resistant finish. 

3. Enclosures shall be primed and finish coated at the factory with 

manufacturer's prime coat and standard finish.  

J. Special Requirements: 

1. Where motor power requirements of equipment furn ished deviate from 

power shown on plans, provide electrical service de signed under the 

requirements of NFPA 70 without additional time or cost to the 

Government. 

2. Assemblies of motors, starters, controls and int erlocks on factory 

assembled and wired devices shall be in accordance with the 

requirements of this specification. 

3. Wire and cable materials specified in the electr ical division of the 

specifications shall be modified as follows: 

a. Wiring material located where temperatures can e xceed 71 degrees C 

(160 degrees F) shall be stranded copper with Teflo n FEP 

insulation with jacket. This includes wiring on the  boilers. 

b. Other wiring at boilers and to control panels sh all be NFPA 70 

designation THWN. 

c. Provide shielded conductors or wiring in separat e conduits for all 

instrumentation and control systems where recommend ed by 

manufacturer of equipment. 

4. Select motor sizes so that the motors do not ope rate into the service 

factor at maximum required loads on the driven equi pment.  Motors on 

pumps shall be sized for non-overloading at all poi nts on the pump 

performance curves. 

5. Motors utilized with variable frequency drives s hall be rated 

“inverter-duty” per NEMA Standard, MG1, Part 31.4.4 .2.  Provide motor 

shaft grounding apparatus that will protect bearing s from damage from 

stray currents. 

K. Additional requirements for specific motors, as indicated in the other 

sections listed in Article 1.2, shall also apply.   

L. Energy-Efficient Motors (Motor Efficiencies): Al l permanently wired 

polyphase motors of 746 Watts (1 HP) or more shall meet the minimum 

full-load efficiencies as indicated in the followin g table. Motors of 

746 Watts or more with open, drip-proof or totally enclosed fan-cooled 

enclosures shall be NEMA premium efficiency type, u nless otherwise 

indicated. Motors provided as an integral part of m otor driven equipment 
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are excluded from this requirement if a minimum sea sonal or overall 

efficiency requirement is indicated for that equipm ent by the provisions 

of another section.  Motors not specified as “premi um efficiency” shall 

comply with the Energy Policy Act of 2005 (EPACT). 

 

Minimum Premium Efficiencies 

Open Drip-Proof 

Minimum Premium Efficiencies 

Totally Enclosed Fan-Cooled 

Rating 

kW (HP) 

1200 

RPM 

1800 

RPM 

3600 

RPM 

Rating 

kW (HP) 

1200 

RPM 

1800 

RPM 

3600 

RPM 

0.746 (1)  82.5% 85.5% 77.0% 0.746 (1)  82.5% 85.5% 77.0% 

1.12 (1.5)  86.5% 86.5% 84.0% 1.12 (1.5)  87.5% 86. 5% 84.0% 

1.49 (2) 87.5% 86.5% 85.5% 1.49 (2) 88.5% 86.5% 85. 5% 

2.24 (3) 88.5% 89.5% 85.5% 2.24 (3) 89.5% 89.5% 86. 5% 

3.73 (5) 89.5% 89.5% 86.5% 3.73 (5) 89.5% 89.5% 88. 5% 

5.60 (7.5) 90.2% 91.0% 88.5% 5.60 (7.5) 91.0% 91.7%  89.5% 

7.46 (10) 91.7% 91.7% 89.5% 7.46 (10) 91.0% 91.7% 9 0.2% 

11.2 (15) 91.7% 93.0% 90.2% 11.2 (15) 91.7% 92.4% 9 1.0% 

14.9 (20) 92.4% 93.0% 91.0% 14.9 (20) 91.7% 93.0% 9 1.0% 

18.7 (25) 93.0% 93.6% 91.7% 18.7 (25) 93.0% 93.6% 9 1.7% 

22.4 (30) 93.6% 94.1% 91.7% 22.4 (30) 93.0% 93.6% 91.7% 

29.8 (40) 94.1% 94.1% 92.4% 29.8 (40) 94.1% 94.1% 9 2.4% 

37.3 (50) 94.1% 94.5% 93.0% 37.3 (50) 94.1% 94.5% 9 3.0% 

44.8 (60) 94.5% 95.0% 93.6% 44.8 (60) 94.5% 95.0% 9 3.6% 

56.9 (75) 94.5% 95.0% 93.6% 56.9 (75) 94.5% 95.4% 9 3.6% 

74.6 (100) 95.0% 95.4% 93.6% 74.6 (100) 95.0% 95.4%  94.1% 

93.3 (125) 95.0% 95.4% 94.1% 93.3 (125) 95.0% 95.4%  95.0% 

112 (150) 95.4% 95.8% 94.1% 112 (150) 95.8% 95.8% 9 5.0% 

149.2 (200) 95.4% 95.8% 95.0% 149.2 (200) 95.8% 96. 2% 95.4% 

 

M. Minimum Power Factor at Full Load and Rated Volt age: 90 percent at 1200 

RPM, 1800 RPM and 3600 RPM. 

PART 3 - EXECUTION  

3.1 INSTALLATION: 

 Install motors in accordance with manufacturer’s r ecommendations, the 

NEC, NEMA, as shown on the drawings and/or as requi red by other sections 

of these specifications.  
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3.2 FIELD TESTS  

A. Perform an electric insulation resistance Test u sing a megohmmeter on 

all motors after installation, before start-up. All  shall test free from 

grounds.   

B. Perform Load test in accordance with ANSI/IEEE 1 12, Test Method B, to 

determine freedom from electrical or mechanical def ects and compliance 

with performance data. 

C. Insulation Resistance: Not less than one-half me g-ohm between stator 

conductors and frame, to be determined at the time of final inspection.  

3.3 STARTUP AND TESTING  

A. Coordinate the startup and contractor testing sc hedules with Resident 

Engineer.  Provide a minimum of 7 days prior notice .  

3.4 DEMONSTRATION AND TRAINING  

A. Provide services of manufacturer’s technical rep resentative for four 

hours to instruct VA personnel in operation and mai ntenance of units. 

- - - E N D - - - 
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SECTION 23 05 93 
TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1 - GENERAL  

1.1 DESCRIPTION  

A. Testing, adjusting, and balancing (TAB) of heati ng, ventilating and air 

conditioning (HVAC) systems. TAB includes the follo wing:  

1. Planning systematic TAB procedures.  

2. Design Review Report. 

3. Systems Inspection report. 

4. Duct Air Leakage test report. 

5. Systems Readiness Report. 

6. Balancing air and water distribution systems; ad justment of total 

system to provide design performance; and testing p erformance of 

equipment and automatic controls.  

7. Vibration and sound measurements.  

8. Recording and reporting results.  

B. Definitions:  

1. Basic TAB used in this Section: Chapter 37, "Tes ting, Adjusting and 

Balancing" of 2007 ASHRAE Handbook, "HVAC Applicati ons".  

2. TAB: Testing, Adjusting and Balancing; the proce ss of checking and 

adjusting HVAC systems to meet design objectives.  

3. AABC: Associated Air Balance Council.  

4. NEBB: National Environmental Balancing Bureau.  

5. Hydronic Systems: Includes // chilled water, // condenser water, // 

heating hot water // and glycol-water systems. //  

6. Air Systems: Includes all outside air, supply ai r, return air, 

exhaust air and relief air systems.  

7. Flow rate tolerance: The allowable percentage va riation, minus to 

plus, of actual flow rate from values (design) in t he contract 

documents.  

1.2 QUALITY ASSURANCE 

A. Refer to Articles, Quality Assurance and Submitt als, in Section 

23 05 11, COMMON WORK RESULTS FOR HVAC, Section 23 05 10, COMMON WORK 

RESULTS FOR BOILER PLANTS and STEAM GENERATION, and  Section 23 08 00, 

COMMISSIONING OF HVAC SYSTEMS.   
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B. Qualifications: 

1. TAB Agency: The TAB agency shall be a subcontrac tor of the General 

Contractor and shall report to and be paid by the G eneral 

Contractor. 

2. The TAB agency shall be either a certified membe r of AABC or 

certified by the NEBB to perform TAB service for HV AC, water 

balancing and vibrations and sound testing of equip ment. The 

certification shall be maintained for the entire du ration of duties 

specified herein. If, for any reason, the agency lo ses subject 

certification during this period, the General Contr actor shall 

immediately notify the Resident Engineer and submit  another TAB firm 

for approval. Any agency that has been the subject of disciplinary 

action by either the AABC or the NEBB within the fi ve years 

preceding Contract Award shall not be eligible to p erform any work 

related to the TAB. All work performed in this Sect ion and in other 

related Sections by the TAB agency shall be conside red invalid if 

the TAB agency loses its certification prior to Con tract completion, 

and the successor agency’s review shows unsatisfact ory work 

performed by the predecessor agency. 

3. TAB Specialist: The TAB specialist shall be eith er a member of AABC 

or an experienced technician of the Agency certifie d by NEBB. The 

certification shall be maintained for the entire du ration of duties 

specified herein. If, for any reason, the Specialis t loses subject 

certification during this period, the General Contr actor shall 

immediately notify the Resident Engineer and submit  another TAB 

Specialist for approval. Any individual that has be en the subject of 

disciplinary action by either the AABC or the NEBB within the five 

years preceding Contract Award shall not be eligibl e to perform any 

duties related to the HVAC systems, including TAB. All work 

specified in this Section and in other related Sect ions performed by 

the TAB specialist shall be considered invalid if t he TAB Specialist 

loses its certification prior to Contract completio n and must be 

performed by an approved successor. 
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4. TAB Specialist shall be identified by the Genera l Contractor within 

60 days after the notice to proceed. The TAB specia list will be 

coordinating, scheduling and reporting all TAB work  and related 

activities and will provide necessary information a s required by the 

Resident Engineer. The responsibilities would speci fically include: 

a. Shall directly supervise all TAB work. 

b. Shall sign the TAB reports that bear the seal of  the TAB 

standard. The reports shall be accompanied by repor t forms and 

schematic drawings required by the TAB standard, AA BC or NEBB.  

c. Would follow all TAB work through its satisfacto ry completion. 

d. Shall provide final markings of settings of all HVAC adjustment 

devices. 

e. Permanently mark location of duct test ports. 

5. All TAB technicians performing actual TAB work s hall be experienced 

and must have done satisfactory work on a minimum o f 3 projects 

comparable in size and complexity to this project. Qualifications 

must be certified by the TAB agency in writing. The  lead technician 

shall be certified by AABC or NEBB 

C. Test Equipment Criteria: The instrumentation sha ll meet the 

accuracy/calibration requirements established by AA BC National 

Standards or by NEBB Procedural Standards for Testi ng, Adjusting and 

Balancing of Environmental Systems and instrument m anufacturer. Provide 

calibration history of the instruments to be used f or test and balance 

purpose. 

D. Tab Criteria:  

1. One or more of the applicable AABC, NEBB or SMAC NA publications, 

supplemented by ASHRAE Handbook "HVAC Applications"  Chapter 36, and 

requirements stated herein shall be the basis for p lanning, 

procedures, and reports.  

2. Flow rate tolerance: Following tolerances are al lowed. For 

tolerances not mentioned herein follow ASHRAE Handb ook "HVAC 

Applications", Chapter 36, as a guideline. Air Filt er resistance 

during tests, artificially imposed if necessary, sh all be at least 

100 percent of manufacturer recommended change over  pressure drop 

values for pre-filters and after-filters.      
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a. Air handling unit and all other fans, cubic mete rs/min (cubic 

feet per minute): Minus 0 percent to plus l0 percen t.  

b. Air terminal units (maximum values): Minus 2 per cent to plus l0 

percent.  

c. Exhaust hoods/cabinets: 0 percent to plus l0 per cent.  

d. Minimum outside air: 0 percent to plus 10 percen t.  

e. Individual room air outlets and inlets, and air flow rates not 

mentioned above: Minus 5 percent to plus l0 percent  except if the 

air to a space is 100 CFM or less the tolerance wou ld be minus 5 

to plus 5 percent.  

f. Heating hot water pumps and hot water coils: Min us 5 percent to 

plus 5 percent.  

g. Chilled water and condenser water pumps: Minus 0  percent to plus 

5 percent.  

h. Chilled water coils: Minus 0 percent to plus 5 p ercent.  

3. Systems shall be adjusted for energy efficient o peration as 

described in PART 3.  

4. Typical TAB procedures and results shall be demo nstrated to the 

Resident Engineer for one air distribution system ( including all 

fans, three terminal units, three rooms randomly se lected by the 

Resident Engineer) and one hydronic system (pumps a nd three coils) 

as follows:  

a. When field TAB work begins.  

b. During each partial final inspection and the fin al inspection for 

the project if requested by VA.  

1.3 SUBMITTALS  

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT 

DATA, and SAMPLES. 

B. Submit names and qualifications of TAB agency an d TAB specialists 

within 60 days after the notice to proceed. Submit information on three 

recently completed projects and a list of proposed test equipment.  

C. For use by the Resident Engineer staff, submit o ne complete set of 

applicable AABC or NEBB publications that will be t he basis of TAB 

work. 
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D. Submit Following for Review and Approval:  

1. Design Review Report // within 90 days for conve ntional design 

projects // and within 60 days for design-build pro jects // after 

the system layout on air and water side is complete d by the 

Contractor. 

2. Systems inspection report on equipment and insta llation for 

conformance with design. 

3. Duct Air Leakage Test Report. 

4. Systems Readiness Report. 

5. Intermediate and Final TAB reports covering flow  balance and 

adjustments, performance tests, vibration tests and  sound tests. 

6. Include in final reports uncorrected installatio n deficiencies noted 

during TAB and applicable explanatory comments on t est results that 

differ from design requirements.  

E. Prior to request for Final or Partial Final insp ection, submit 

completed Test and Balance report for the area. 

1.4 APPLICABLE PUBLICATIONS 

A. The following publications form a part of this s pecification to the 

extent indicated by the reference thereto. In text the publications are 

referenced to by the acronym of the organization.  

B. American Society of Heating, Refrigerating and A ir Conditioning 

Engineers, Inc. (ASHRAE):  

2007  ...................HVAC Applications ASHRAE Handboo k, Chapter 37, 

Testing, Adjusting, and Balancing and Chapter 

47, Sound and Vibration Control 

C. Associated Air Balance Council (AABC):  

2002....................AABC National Standards for  Total System 

Balance 

D. National Environmental Balancing Bureau (NEBB):  

7th  Edition 2005 ........Procedural Standards for Test ing, Adjusting, 

Balancing of Environmental Systems 

2nd Edition 2006  .......Procedural Standards for the Measurement of 

Sound and Vibration 

3rd  Edition 2009 ........Procedural Standards for Whol e Building Systems   

Commissioning of New Construction 
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E. Sheet Metal and Air Conditioning Contractors Nat ional Association 

(SMACNA):  

3rd  Edition 2002 ........HVAC SYSTEMS Testing, Adjusti ng and Balancing 

PART 2 - PRODUCTS  

2.1 PLUGS  

   A. Provide plastic plugs to seal holes drilled i n ductwork for test 

 purposes. 

2.2 INSULATION REPAIR MATERIAL  

A. See Section 23 07 11, HVAC and BOILER PLANT INSU LATION Provide for 

repair of insulation removed or damaged for TAB wor k.  

PART 3 - EXECUTION  

3.1 GENERAL  

A. Refer to TAB Criteria in Article, Quality Assura nce.  

B. Obtain applicable contract documents and copies of approved submittals 

for HVAC equipment and automatic control systems.  

3.2 DESIGN REVIEW REPORT 

A. The TAB Specialist shall review the Contract Pla ns and specifications 

and advise the Resident Engineer of any design defi ciencies that would 

prevent the HVAC systems from effectively operating  in accordance with 

the sequence of operation specified or prevent the effective and 

accurate TAB of the system. The TAB Specialist shal l provide a report 

individually listing each deficiency and the corres ponding proposed 

corrective action necessary for proper system opera tion. 

3.3 SYSTEMS INSPECTION REPORT 

A. Inspect equipment and installation for conforman ce with design.  

B. The inspection and report is to be done after ai r distribution 

equipment is on site and duct installation has begu n, but well in 

advance of performance testing and balancing work. The purpose of the 

inspection is to identify and report deviations fro m design and ensure 

that systems will be ready for TAB at the appropria te time.  

C. Reports: Follow check list format developed by A ABC, NEBB or SMACNA, 

supplemented by narrative comments, with emphasis o n air handling units 

and fans. Check for conformance with submittals. Ve rify that diffuser 

and register sizes are correct. Check air terminal unit installation 

including their duct sizes and routing.  
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3.4 DUCT AIR LEAKAGE TEST REPORT 

A. TAB Agency shall perform the leakage test as out lined in "Duct leakage 

Tests and Repairs" in Section 23 31 00, HVAC DUCTS and CASINGS for TAB 

agency’s role and responsibilities in witnessing, r ecording and 

reporting of deficiencies. 

3.5 SYSTEM READINESS REPORT 

  A. Inspect each System to ensure that it is compl ete including 

installation and operation of controls.  Submit rep ort to RE in 

standard format and forms prepared and or approved by the Commissioning 

Agent. 

B. Verify that all items such as ductwork piping, p orts, terminals, 

connectors, etc., that is required for TAB are inst alled. Provide a 

report to the Resident Engineer. 

3.6 TAB REPORTS 

A. The TAB contractor shall provide raw data immedi ately in writing to the 

Resident Engineer if there is a problem in achievin g intended results 

before submitting a formal report. 

3.7 TAB PROCEDURES  

A. Tab shall be performed in accordance with the re quirement of the 

Standard under which TAB agency is certified by eit her AABC or NEBB. 

B. General: During TAB all related system component s shall be in full 

operation. Fan and pump rotation, motor loads and e quipment vibration 

shall be checked and corrected as necessary before proceeding with TAB. 

Set controls and/or block off parts of distribution  systems to simulate 

design operation of variable volume air or water sy stems for test and 

balance work.  

C.  Coordinate TAB procedures with existing systems and  any phased 

construction completion requirements for the projec t. Provide TAB 

reports for  

D.  Allow time in construction schedule for TAB and sub mission of all 

reports for an organized and timely correction of d eficiencies. 

E. Air Balance and Equipment Test: Include air hand ling units, fans, 

terminal units, fan coil units, room diffusers/outl ets/inlets, computer 

room AC units, and laboratory fume hoods and biolog ical safety 

cabinets.  
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1. Artificially load air filters by partial blankin g to produce air 

pressure drop of manufacturer’s recommended pressur e drop.  

2. Adjust fan speeds to provide design air flow. V- belt drives, 

including fixed pitch pulley requirements, are spec ified in Section 

23 05 11, COMMON WORK RESULTS FOR HVAC. 

3. Test and balance systems in all specified modes of operation, 

including variable volume, economizer, and fire eme rgency modes. 

Verify that dampers and other controls function pro perly.  

4. Variable air volume (VAV) systems:  

a. Coordinate TAB, including system volumetric cont rols, with 

Section 23 09 23, DIRECT-DIGITAL CONTROL SYSTEM FOR  HVAC. 

b. Section 23 36 00, AIR TERMINAL UNITS, specifies that maximum and 

minimum flow rates for air terminal units (ATU) be factory set. 

Check and readjust ATU flow rates if necessary. Bal ance air 

distribution from ATU on full cooling maximum sched uled cubic 

meters per minute (cubic feet per minute). Reset ro om thermostats 

and check ATU operation from maximum to minimum coo ling, to the 

heating mode, and back to cooling. Record and repor t the heating 

coil leaving air temperature when the ATU is in the  maximum 

heating mode.  Record and report outdoor air flow r ates under all 

operating conditions (The test shall demonstrate th at the minimum 

outdoor air ventilation rate shall remain constant under al 

operating conditions).   

c. Adjust operating pressure control setpoint to ma intain the design 

flow to each space with the lowest setpoint.   

5. Record final measurements for air handling equip ment performance 

data sheets.  

F. Water Balance and Equipment Test: Include circul ating pumps, 

convertors, coils, coolers and condensers:  

1. Coordinate water chiller flow balancing with Sec tion 23 64 00, 

PACKAGED WATER CHILLERS.  

2. Adjust flow rates for equipment. Set coils and e vaporator to values 

on equipment submittals, if different from values o n contract 

drawings.  
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3. Primary-secondary (variable volume) systems: Coo rdinate TAB with 

Section 23 09 23, DIRECT-DIGITAL CONTROL SYSTEM FOR  HVAC. Balance 

systems at design water flow and then verify that v ariable flow 

controls function as designed.  

4. Record final measurements for hydronic equipment  on performance data 

sheets. Include entering and leaving water temperat ures for heating 

and cooling coils, and for convertors. Include ente ring and leaving 

air temperatures (DB/WB for cooling coils) for air handling units 

and reheat coils. Make air and water temperature me asurements at the 

same time.  

3.8 MARKING OF SETTINGS 

A. Following approval of Tab final Report, the sett ing of all HVAC 

adjustment devices including valves, splitters and dampers shall be 

permanently marked by the TAB Specialist so that ad justment can be 

restored if disturbed at any time. Style and colors  used for markings 

shall be coordinated with the Resident Engineer.  

3.9 IDENTIFICATION OF TEST PORTS 

A. The TAB Specialist shall permanently and legibly  identify the location 

points of duct test ports. If the ductwork has exte rior insulation, the 

identification shall be made on the exterior side o f the insulation. 

All penetrations through ductwork and ductwork insu lation shall be 

sealed to prevent air leaks and maintain integrity of vapor barrier. 

3.10 PHASING 

A. Phased Projects: Testing and Balancing Work to f ollow project with 

areas shall be completed per the project phasing. U pon completion of 

the project all areas shall have been tested and ba lanced per the 

contract documents. 

B. Existing Areas: Systems that serve areas outside  of the project scope 

shall not be adversely affected. Measure existing p arameters where 

shown to document system capacity. 

- - E N D - - - 
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SECTION 23 09 23 
DIRECT-DIGITAL CONTROL SYSTEM FOR HVAC 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. Provide (a) direct-digital control system(s) as indicated on the 

project documents, point list, interoperability tab les, drawings and as 

described in these specifications. Include a comple te and working 

direct-digital control system.  Include all enginee ring, programming, 

controls and installation materials, installation l abor, commissioning 

and start-up, training, final project documentation  and warranty. 

1.  The direct-digital control system(s) shall consist of high-speed, 

peer-to-peer network of DDC controllers, a control system server, and 

an Engineering Control Center.    Provide a remote user using a 

standard web browser to access the control system g raphics and change 

adjustable setpoints with the proper password. 

2.  The direct-digital control system(s) shall be nativ e BACnet.  All 

new workstations, controllers, devices and componen ts shall be listed 

by BACnet Testing Laboratories.  All new workstatio ns, controller, 

devices and components shall be accessible using a Web browser 

interface and shall communicate exclusively using t he ASHRAE Standard 

135 BACnet communications protocol without the use of gateways, 

unless otherwise allowed by this Section of the tec hnical 

specifications, specifically shown on the design dr awings and 

specifically requested otherwise by the VA. 

a.  If used, gateways shall support the ASHRAE Standard  135 BACnet 

communications protocol. 

b.  If used, gateways shall provide all object properti es and 

read/write services shown on VA-approved interopera bility 

schedules. 

3.  The work administered by this Section of the techni cal 

specifications shall include all labor, materials, special tools, 

equipment, enclosures, power supplies, software, so ftware licenses, 

Project specific software configurations and databa se entries, 

interfaces, wiring, tubing, installation, labeling,  engineering, 

calibration, documentation, submittals, testing, ve rification, 



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

23 09 23 - 2 

training services, permits and licenses, transporta tion, shipping, 

handling, administration, supervision, management, insurance, 

Warranty, specified services and items required for  complete and 

fully functional Controls Systems. 

4.  The control systems shall be designed such that eac h mechanical 

system shall operate under stand-alone mode. The co ntractor 

administered by this Section of the technical speci fications shall 

provide controllers for each mechanical system. In the event of a 

network communication failure, or the loss of any o ther controller, 

the control system shall continue to operate indepe ndently. Failure 

of the ECC shall have no effect on the field contro llers, including 

those involved with global strategies. 

B.  Some products are furnished but not installed by th e contractor 

administered by this Section of the technical speci fications. The 

contractor administered by this Section of the tech nical specifications 

shall formally coordinate in writing and receive fr om other contractors 

formal acknowledgements in writing prior to submiss ion the installation 

of the products.  These products include the follow ing: 

1.  Control valves. 

2.  Flow switches. 

3.  Flow meters. 

4.  Sensor wells and sockets in piping. 

5.  Terminal unit controllers. 

C.  Some products are installed but not furnished by th e contractor 

administered by this Section of the technical speci fications. The 

contractor administered by this Section of the tech nical specifications 

shall formally coordinate in writing and receive fr om other contractors 

formal acknowledgements in writing prior to submiss ion the procurement 

of the products.  These products include the follow ing: 

1.  Factory-furnished accessory thermostats and sensors  furnished with 

unitary equipment. 
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D.  Some products are not provided by, but are neverthe less integrated with 

the work executed by, the contractor administered b y this Section of 

the technical specifications. The contractor admini stered by this 

Section of the technical specifications shall forma lly coordinate in 

writing and receive from other contractors formal a cknowledgements in 

writing prior to submission the particulars of the products.  These 

products include the following: 

1.  Fire alarm systems.  If zoned fire alarm is require d by the project-

specific requirements, this interface shall require  multiple relays, 

which are provided and installed by the fire alarm system contractor, 

to be monitored. 

2.  Variable frequency drives. These controls, if not n ative BACnet, 

will require a BACnet Gateway. 

E.  Responsibility Table: 

Work/Item/System Furnish Install Low 
Voltage 
Wiring 

Line 
Power 

Control system low voltage 
and communication wiring  

23 09 23 23 09 23 23 09 23 N/A 

Terminal units 23 23 N/A 26 

Controllers for terminal 
units 

23 09 23 23 23 09 23 16 

LAN conduits and raceway 23 09 23 23 09 23 N/A N/A 

Automatic dampers (not 
furnished with equipment) 

23 09 23 23 N/A N/A 

Automatic damper actuators  23 09 23 23 09 23 23 09 23 23 09 23 

Manual valves 23 23 N/A N/A 

Automatic valves 23 09 23 23 23 09 23 23 09 23 

Pipe insertion devices and 
taps, flow and pressure 
stations. 

23 23 N/A N/A 

Thermowells 23 09 23 23 N/A N/A 

Current Switches 23 09 23 23 09 23 23 09 23 N/A 

Control Relays 23 09 23 23 09 23 23 09 23 N/A 

Power distribution system 
monitoring interfaces 

23 09 23 23 09 23 23 09 23 26 
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Work/Item/System Furnish Install Low 
Voltage 
Wiring 

Line 
Power 

Interface with 
chiller/boiler controls 

23 09 23 23 09 23 23 09 23 26 

Chiller/boiler controls 
interface with control 
system 

23 23 23 09 23 26 

All control system nodes, 
equipment, housings, 
enclosures and panels. 

23 09 23 23 09 23 23 09 23 26 

Smoke detectors 28 31 00 28 31 00 28 31 00 28 31 00  

Fire/Smoke Dampers 23 23 28 31 00 28 31 00 

Smoke Dampers 23 23 28 31 00 28 31 00 

Fire Dampers 23 23 N/A N/A 

Chiller/starter interlock 
wiring 

N/A N/A 26 26 

Chiller Flow Switches 23 23 23 N/A 

Boiler interlock wiring 23 23 23 26 

Boiler Flow Switches 23 23 23 N/A 

Water treatment system 23 23 23 26 

VFDs 23 09 23 26 23 09 23 26 

Refrigerant monitors 23 23 09 23 23 09 23 26 

Laboratory Environmental 
Controls 

23 09 23 23 09 23 23 09 23 26 

Fume hood controls 23 09 23 23 09 23 23 09 23 26 

Medical gas panels 23 23 26 26 

Laboratory Air Valves 23 23 23 09 23 N/A 

Computer Room A/C Unit 
field-mounted controls 

23 23 16 26 

Control system interface 
with CRU A/C controls 

23 09 23 23 09 23 23 09 23 26 

CRU A/C unit controls 
interface with control 
system 

23 23 09 23 23 09 23 26 

Fire Alarm shutdown relay 
interlock wiring 

28 28 28 26 

Control system monitoring 
of fire alarm smoke 

28 28 23 09 23 28 
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Work/Item/System Furnish Install Low 
Voltage 
Wiring 

Line 
Power 

control relay  

Fire-fighter’s smoke 
control station (FSCS  

28 28 28 28 

Fan Coil Unit controls 
(not furnished with 
equipment) 

23 09 23 23 09 23 23 09 23 26 

Unit Heater controls (not 
furnished with equipment) 

23 09 23 23 09 23 23 09 23 26 

Packaged RTU space-mounted 
controls (not furnished 
with equipment) 

23 09 23 23 09 23 23 09 23 26 

Packaged RTU unit-mounted 
controls (not furnished 
with equipment) 

23 09 23 23 09 23 23 09 23 26 

Cooling Tower Vibration 
Switches 

23 23 23 09 23 23 09 23 

Cooling Tower Level 
Control Devices 

23 23 23 09 23 23 09 23 

Cooling Tower makeup water 
control devices 

23 23 23 09 23 23 09 23 

Starters, HOA switches 23 23 N/A 26 

 
F.  This facility’s existing direct-digital control sys tem is manufactured 

by JCI.  The contractor administered by this Sectio n of the technical 

specifications shall observe the capabilities, comm unication network, 

services, spare capacity of the existing control sy stem and its ECC 

prior to beginning work. 

1.  The combined system shall operate and function as one complete 

system including one database of control point obje cts and global 

control logic capabilities. Facility operators shal l have complete 

operations and control capability over all systems,  new and existing 

including; monitoring, trending, graphing, scheduli ng, alarm 

management, global point sharing, global strategy d eployment, 

graphical operations interface and custom reporting  as specified. 
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G.  Unitary standalone systems including Unit Heaters, Cabinet Unit 

Heaters, Fan Coil Units, Base Board Heaters, therma l comfort 

ventilation fans, and similar units for control of room environment 

conditions may be equipped with integral controls f urnished and 

installed by the equipment manufacturer or field mo unted. Refer to 

equipment specifications and as indicated in projec t documents.  

Application of standalone unitary controls is limit ed to at least those 

systems wherein remote monitoring, alarm and start- up are not 

necessary.  Examples of such systems include: 

1.  Light-switch-operated toilet exhaust 

2.  Vestibule heater 

3.  Exterior stair heater 

4.  Attic heating and ventilation 

5.  Mechanical or electrical room heating and ventilati on. 

H. The direct-digital control system shall start an d stop equipment, move 

(position) damper actuators and valve actuators, an d vary speed of 

equipment to execute the mission of the control sys tem.  Use 

electricity as the motive force for all damper and valve actuators, 

unless use of pneumatics as motive force is specifi cally granted by the 

VA. 

1.2 DEFINITION 

A. Algorithm: A logical procedure for solving a rec urrent mathematical 

problem; A prescribed set of well-defined rules or processes for the 

solution of a problem in a finite number of steps. 

B. ARCNET: ANSI/ATA 878.1 - Attached Resource Compu ter Network. ARCNET is 

a deterministic LAN technology; meaning it's possib le to determine the 

maximum delay before a device is able to transmit a  message. 

C. Analog: A continuously varying signal value (e.g ., temperature, 

current, velocity etc. 

D. BACnet: A Data Communication Protocol for Buildi ng Automation and 

Control Networks , ANSI/ASHRAE Standard 135.  This communications 

protocol allows diverse building automation devices  to communicate data 

over and services over a network. 
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E. BACnet/IP: Annex J of Standard 135.  It defines and allows for using a 

reserved UDP socket to transmit BACnet messages ove r IP networks. A 

BACnet/IP network is a collection of one or more IP  sub-networks that 

share the same BACnet network number. 

F. BACnet Internetwork: Two or more BACnet networks  connected with 

routers.  The two networks may sue different LAN te chnologies. 

G. BACnet Network: One or more BACnet segments that  have the same network 

address and are interconnected by bridges at the ph ysical and data link 

layers. 

H. BACnet Segment: One or more physical segments of  BACnet devices on a 

BACnet network, connected at the physical layer by repeaters. 

I. BACnet Broadcast Management Device (BBMD): A com munications device 

which broadcasts BACnet messages to all BACnet/IP d evices and other 

BBMDs connected to the same BACnet/IP network. 

J. BACnet Interoperability Building Blocks (BIBBs):  BACnet 

Interoperability Building Blocks (BIBBs) are collec tions of one or more 

BACnet services. These are prescribed in terms of a n "A" and a "B" 

device. Both of these devices are nodes on a BACnet  internetwork.  

K. BACnet Testing Laboratories (BTL). The organizat ion responsible for 

testing products for compliance with the BACnet sta ndard, operated 

under the direction of BACnet International. 

L. Baud: It is a signal change in a communication l ink. One signal change 

can represent one or more bits of information depen ding on type of 

transmission scheme. Simple peripheral communicatio n is normally one 

bit per Baud. (e.g., Baud rate = 78,000 Baud/sec is  78,000 bits/sec, if 

one signal change = 1 bit). 

M. Binary: A two-state system where a high signal l evel represents an "ON" 

condition and an "OFF" condition is represented by a low signal level. 

N. BMP or bmp: Suffix, computerized image file, use d after the period in a 

DOS-based computer file to show that the file is an  image stored as a 

series of pixels.  

O. Bus Topology: A network topology that physically  interconnects 

workstations and network devices in parallel on a n etwork segment. 
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P. Control Unit (CU): Generic term for any controll ing unit, stand-alone, 

microprocessor based, digital controller residing o n secondary LAN or 

Primary LAN, used for local controls or global cont rols  

Q. Deadband: A temperature range over which no heat ing or cooling is 

supplied, i.e., 22-25 degrees C (72-78 degrees F), as opposed to a 

single point change over or overlap). 

R. Device: a control system component that contains  a BACnet Device Object 

and uses BACnet to communicate with other devices. 

S. Device Object: Every BACnet device requires one Device Object, whose 

properties represent the network visible properties  of that device. 

Every Device Object requires a unique Object Identi fier number on the 

BACnet internetwork.  This number is often referred  to as the device 

instance. 

T. Device Profile: A specific group of services des cribing BACnet 

capabilities of a device, as defined in ASHRAE Stan dard 135-2008, Annex 

L.  Standard device profiles include BACnet Operato r Workstations (B-

OWS), BACnet Building Controllers (B-BC), BACnet Ad vanced Application 

Controllers (B-AAC), BACnet Application Specific Co ntrollers (B-ASC), 

BACnet Smart Actuator (B-SA), and BACnet Smart Sens or (B-SS). Each 

device used in new construction is required to have  a PICS statement 

listing which service and BIBBs are supported by th e device. 

U. Diagnostic Program: A software test program, whi ch is used to detect 

and report system or peripheral malfunctions and fa ilures. Generally, 

this system is performed at the initial startup of the system. 

V. Direct Digital Control (DDC): Microprocessor bas ed control including 

Analog/Digital conversion and program logic. A cont rol loop or 

subsystem in which digital and analog information i s received and 

processed by a microprocessor, and digital control signals are 

generated based on control algorithms and transmitt ed to field devices 

in order to achieve a set of predefined conditions.  
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W. Distributed Control System: A system in which th e processing of system 

data is decentralized and control decisions can and  are made at the 

subsystem level. System operational programs and in formation are 

provided to the remote subsystems and status is rep orted back to the 

Engineering Control Center. Upon the loss of commun ication with the 

Engineering Control center, the subsystems shall be  capable of 

operating in a stand-alone mode using the last best  available data. 

X. Download: The electronic transfer of programs an d data files from a 

central computer or operation workstation with seco ndary memory devices 

to remote computers in a network (distributed) syst em. 

Y. DXF: An AutoCAD 2-D graphics file format. Many C AD systems import and 

export the DXF format for graphics interchange.  

Z. Electrical Control: A control circuit that opera tes on line or low 

voltage and uses a mechanical means, such as a temp erature sensitive 

bimetal or bellows, to perform control functions, s uch as actuating a 

switch or positioning a potentiometer. 

AA. Electronic Control: A control circuit that oper ates on low voltage and 

uses a solid-state components to amplify input sign als and perform 

control functions, such as operating a relay or pro viding an output 

signal to position an actuator. 

BB. Engineering Control Center (ECC): The centraliz ed control point for the 

intelligent control network. The ECC comprises of p ersonal computer and 

connected devices to form a single workstation.  

CC. Ethernet: A trademark for a system for exchangi ng messages between 

computers on a local area network using coaxial, fi ber optic, or 

twisted-pair cables. 

DD. Firmware: Firmware is software programmed into read only memory (ROM) 

chips. Software may not be changed without physical ly altering the 

chip. 

EE. Gateway: Communication hardware connecting two or more different 

protocols. It translates one protocol into equivale nt concepts for the 

other protocol. In BACnet applications, a gateway h as BACnet on one 

side and non-BACnet (usually proprietary) protocols  on the other side. 

FF. GIF: Abbreviation of Graphic interchange format .  
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GG. Graphic Program (GP): Program used to produce i mages of air handler 

systems, fans, chillers, pumps, and building spaces . These images can 

be animated and/or color-coded to indicate operatio n of the equipment. 

HH. Graphic Sequence of Operation: It is a graphica l representation of the 

sequence of operation, showing all inputs and outpu t logical blocks. 

II. I/O Unit: The section of a digital control syst em through which 

information is received and transmitted. I/O refers  to analog input 

(AI, digital input (DI), analog output (AO) and dig ital output (DO).  

Analog signals are continuous and represent tempera ture, pressure, flow 

rate etc, whereas digital signals convert electroni c signals to digital 

pulses (values), represent motor status, filter sta tus, on-off 

equipment etc. 

JJ. I/P: a method for conveying and routing packets  of information over LAN 

paths.  User Datagram Protocol (UDP) conveys inform ation to “sockets” 

without confirmation of receipt. Transmission Contr ol Protocol (TCP) 

establishes "sessions", which have end-to-end confi rmation and 

guaranteed sequence of delivery.  

KK. JPEG: A standardized image compression mechanis m stands for Joint 

Photographic Experts Group, the original name of th e committee that 

wrote the standard. 

LL. Local Area Network (LAN): A communication bus t hat interconnects 

operator workstation and digital controllers for pe er-to-peer 

communications, sharing resources and exchanging in formation. 

MM. Network Repeater: A device that receives data p acket from one network 

and rebroadcasts to another network. No routing inf ormation is added to 

the protocol. 

NN. MS/TP: Master-slave/token-passing (ISO/IEC 8802 , Part 3).  It is not an 

acceptable LAN option for VA health-care facilities .  It uses twisted-

pair wiring for relatively low speed and low cost c ommunication.   

OO. Native BACnet Device: A device that uses BACnet  as its primary method 

of communication with other BACnet devices without intermediary 

gateways. A system that uses native BACnet devices at all levels is a 

native BACnet system. 
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PP. Network Number: A site-specific number assigned  to each network segment 

to identify for routing. This network number must b e unique throughout 

the BACnet internetwork. 

QQ. Object: The concept of organizing BACnet inform ation into standard 

components with various associated properties. Exam ples include analog 

input objects and binary output objects. 

RR. Object Identifier: An object property used to i dentify the object, 

including object type and instance. Object Identifi ers must be unique 

within a device. 

SS. Object Properties: Attributes of an object. Exa mples include present 

value and high limit properties of an analog input object. Properties 

are defined in ASHRAE 135; some are optional and so me are required. 

Objects are controlled by reading from and writing to object 

properties. 

TT. Operating system (OS): Software, which controls  the execution of 

computer application programs. 

UU. PCX: File type for an image file. When photogra phs are scanned onto a 

personal computer they can be saved as PCX files an d viewed or changed 

by a special application program as Photo Shop. 

VV. Peripheral: Different components that make the control system function 

as one unit. Peripherals include monitor, printer, and I/O unit.  

WW. Peer-to-Peer: A networking architecture that tr eats all network 

stations as equal partners- any device can initiate  and respond to 

communication with other devices.  

XX. PICS: Protocol Implementation Conformance State ment, describing the 

BACnet capabilities of a device.  All BACnet device s have published 

PICS. 

YY. PID: Proportional, integral, and derivative con trol, used to control 

modulating equipment to maintain a setpoint.  

ZZ. Repeater: A network component that connects two  or more physical 

segments at the physical layer. 

AAA. Router: a component that joins together two or  more networks using 

different LAN technologies. Examples include joinin g a BACnet Ethernet 

LAN to a BACnet MS/TP LAN.  
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BBB. Sensors: devices measuring state points or flo ws, which are then 

transmitted back to the DDC system. 

CCC. Thermostats : devices measuring temperatures, which are used in control 

of standalone or unitary systems and equipment not attached to the DDC 

system. 

1.3 QUALITY ASSURANCE 

A. Criteria:  

1. Single Source Responsibility of subcontractor: T he Contractor shall 

obtain hardware and software supplied under this Se ction and 

delegate the responsibility to a single source cont rols installation 

subcontractor. The controls subcontractor shall be responsible for 

the complete design, installation, and commissionin g of the system. 

The controls subcontractor shall be in the business  of design, 

installation and service of such building automatio n control systems 

similar in size and complexity. 

2. Equipment and Materials: Equipment and materials  shall be cataloged 

products of manufacturers regularly engaged in prod uction and 

installation of HVAC control systems. Products shal l be 

manufacturer’s latest standard design and have been  tested and 

proven in actual use. 

3. The controls subcontractor shall provide a list of no less than five 

similar projects which have building control system s as specified in 

this Section. These projects must be on-line and fu nctional such 

that the Department of Veterans Affairs (VA) repres entative would 

observe the control systems in full operation. 

4. The controls subcontractor shall have in-place f acility within 50 

miles with technical staff, spare parts inventory f or the next five 

(5) years, and necessary test and diagnostic equipm ent to support 

the control systems.  

5. The controls subcontractor shall have minimum of  three years 

experience in design and installation of building a utomation systems 

similar in performance to those specified in this S ection. Provide 

evidence of experience by submitting resumes of the  project manager, 

the local branch manager, project engineer, the app lication 

engineering staff, and the electronic technicians w ho would be 
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involved with the supervision, the engineering, and  the installation 

of the control systems. Training and experience of these personnel 

shall not be less than three years. Failure to disc lose this 

information will be a ground for disqualification o f the supplier. 

6. Provide a competent and experienced Project Mana ger employed by the 

Controls Contractor. The Project Manager shall be s upported as 

necessary by other Contractor employees in order to  provide 

professional engineering, technical and management service for the 

work. The Project Manager shall attend scheduled Pr oject Meetings as 

required and shall be empowered to make technical, scheduling and 

related decisions on behalf of the Controls Contrac tor.  

B. Codes and Standards: 

1. All work shall conform to the applicable Codes a nd Standards. 

2. Electronic equipment shall conform to the requir ements of FCC 

Regulation, Part 15, Governing Radio Frequency Elec tromagnetic 

Interference, and be so labeled.  

1.4 PERFORMANCE 

A. The system shall conform to the following:  

1. Graphic Display: The system shall display up to four (4) graphics on 

a single screen with a minimum of twenty (20) dynam ic points per 

graphic. All current data shall be displayed within  ten (10) seconds 

of the request. 

2. Graphic Refresh: The system shall update all dyn amic points with 

current data within eight (8) seconds. Data refresh  shall be 

automatic, without operator intervention. 

3. Object Command: The maximum time between the com mand of a binary 

object by the operator and the reaction by the devi ce shall be 

two(2) seconds. Analog objects shall start to adjus t within two (2) 

seconds. 

4. Object Scan: All changes of state and change of analog values shall 

be transmitted over the high-speed network such tha t any data used 

or displayed at a controller or work-station will b e current, within 

the prior six (6) seconds. 
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5. Alarm Response Time: The maximum time from when an object goes into 

alarm to when it is annunciated at the workstation shall not exceed 

(10) seconds. 

6. Program Execution Frequency: Custom and standard  applications shall 

be capable of running as often as once every (5) se conds. The 

Contractor shall be responsible for selecting execu tion times 

consistent with the mechanical process under contro l. 

7. Multiple Alarm Annunciations: All workstations o n the network shall 

receive alarms within five (5) seconds of each othe r. 

8. Performance: Programmable Controllers shall be a ble to execute DDC 

PID control loops at a selectable frequency from at  least once every 

one (1) second. The controller shall scan and updat e the process 

value and output generated by this calculation at t his same 

frequency. 

9. Reporting Accuracy: Listed below are minimum acc eptable reporting 

end-to-end accuracies for all values reported by th e specified 

system: 

Measured Variable Reported Accuracy 

Space temperature  ±0.5 °C (±1 °F) 

Ducted air temperature ±0.5 °C [±1 °F] 

Outdoor air temperature ±1.0 °C [±2 °F] 

Dew Point ±1.5 °C [±3 °F] 

Water temperature  ±0.5 °C [±1 °F] 

Relative humidity  ±2% RH  

Water flow  ±1% of reading 

Air flow (terminal)  ±10% of reading  

Air flow (measuring stations) ±5% of reading 

Carbon Monoxide (CO) ±5% of reading 

Carbon Dioxide (CO 2) ±50 ppm 

Air pressure (ducts) ±25 Pa [±0.1"w.c.] 

Air pressure (space) ±0.3 Pa [±0.001"w.c.] 

Water pressure  ±2% of full scale  *Note 1 

Electrical Power ±0.5% of reading  

Note 1: for both absolute and differential pressure   
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10. Control stability and accuracy: Control sequenc es shall maintain 

measured variable at setpoint within the following tolerances: 

Controlled Variable  Control Accuracy Range of Medium 

Air Pressure ±50 Pa (±0.2 in. w.g.)  

 

0–1.5 kPa (0–6 in. w.g.)  

 

Air Pressure ±3 Pa (±0.01 in. w.g.)  -25 to 25 Pa 
(-0.1 to 0.1 in. w.g.) 

Airflow ±10% of full scale  

Space Temperature ±1.0ºC (±2.0ºF)  

Duct Temperature ±1.5ºC (±3ºF)  

Humidity ±5% RH  

Fluid Pressure ±10 kPa (±1.5 psi) 

 

0–1 MPa (1–150 psi) 

 

Fluid Pressure ±250 Pa (±1.0 in. w.g.)  0–12.5 kPa 
(0–50 in. w.g.) 

differential 

11. Extent of direct digital control: control desig n shall allow for at 

least the points indicated on the points lists on t he drawings. 

1.5 WARRANTY 

A. Labor and materials for control systems shall be  warranted for a period 

as specified under Warranty in FAR clause 52.246-21 . 

B. Control system failures during the warranty peri od shall be adjusted, 

repaired, or replaced at no cost or reduction in se rvice to the owner. 

The system includes all computer equipment, transmi ssion equipment, and 

all sensors and control devices. 

C. The on-line support service shall allow the Cont rols supplier to dial 

out over telephone lines to or connect via (through  password-limited 

access) VPN through the internet monitor and contro l the facility’s 

building automation system. This remote connection to the facility 

shall be within two (2) hours of the time that the problem is reported. 

This coverage shall be extended to include normal b usiness hours, after 

business hours, weekend and holidays. If the proble m cannot be resolved 

with on-line support services, the Controls supplie r shall dispatch the 

qualified personnel to the job site to resolve the problem within 24 

hours after the problem is reported. 
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D. Controls and Instrumentation subcontractor shall  be responsible for 

temporary operations and maintenance of the control  systems during the 

construction period until final commissioning, trai ning of facility 

operators and acceptance of the project by VA. 

1.6 SUBMITTALS 

A. Submit shop drawings in accordance with Section 01 33 23, SHOP 

DRAWINGS, PRODUCT DATA, AND SAMPLES. 

B. Manufacturer’s literature and data for all compo nents including the 

following: 

1. A wiring diagram for each type of input device a nd output device 

including DDC controllers, modems, repeaters, etc. Diagram shall 

show how the device is wired and powered, showing t ypical 

connections at the digital controllers and each pow er supply, as 

well as the device itself. Show for all field conne cted devices, 

including but not limited to, control relays, motor  starters, 

electric or electronic actuators, and temperature p ressure, flow and 

humidity sensors and transmitters. 

2. A diagram of each terminal strip, including digi tal controller 

terminal strips, terminal strip location, terminati on numbers and 

the associated point names. 

3. Control dampers and control valves schedule, inc luding the size and 

pressure drop. 

4. Control air-supply components, and computations for sizing 

compressors, receivers and main air-piping, if pneu matic controls 

are furnished. 

5. Catalog cut sheets of all equipment used. This i ncludes, but is not 

limited to software (by manufacturer and by third p arties), DDC 

controllers, panels, peripherals, airflow measuring  stations and 

associated components, and auxiliary control device s such as 

sensors, actuators, and control dampers. When manuf acturer’s cut 

sheets apply to a product series rather than a spec ific product, the 

data specifically applicable to the project shall b e highlighted. 

Each submitted piece of literature and drawings sho uld clearly 

reference the specification and/or drawings that it  supposed to 

represent. 
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6. Sequence of operations for each HVAC system and the associated 

control diagrams. Equipment and control labels shal l correspond to 

those shown on the drawings. 

7. Color prints of proposed graphics with a list of  points for display.  

8. Furnish a BACnet Protocol Implementation Conform ance Statement 

(PICS) for each BACnet-compliant device. 

9. Schematic wiring diagrams for all control, commu nication and power 

wiring. Provide a schematic drawing of the central system 

installation. Label all cables and ports with compu ter 

manufacturers’ model numbers and functions. Show al l interface 

wiring to the control system. 

10. An instrumentation list for each controlled sys tem. Each element of 

the controlled system shall be listed in table form at. The table 

shall show element name, type of device, manufactur er, model number, 

and product data sheet number. 

11. Riser diagrams of wiring between central contro l unit and all 

control panels. 

12. Scaled plan drawings showing routing of LAN and  locations of control 

panels, controllers, routers, gateways, ECC, and la rger controlled 

devices. 

13. Construction details for all installed conduit,  cabling, raceway, 

cabinets, and similar.  Construction details of all  penetrations and 

their protection. 

14. Quantities of submitted items may be reviewed b ut are the 

responsibility of the contractor administered by th is Section of the 

technical specifications. 

C. Product Certificates: Compliance with Article, Q UALITY ASSURANCE. 

D. Licenses: Provide licenses for all software resi ding on and used by the 

Controls Systems and transfer these licenses to the  Owner prior to 

completion. 

E. As Built Control Drawings:  

1. Furnish three (3) copies of as-built drawings fo r each control 

system. The documents shall be submitted for approv al prior to final 

completion. 
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2. Furnish one (1) stick set of applicable control system prints for 

each mechanical system for wall mounting. The docum ents shall be 

submitted for approval prior to final completion. 

3. Furnish one (1) CD-ROM in CAD DWG and/or .DXF fo rmat for the 

drawings noted in subparagraphs above.  

F. Operation and Maintenance (O/M) Manuals): 

1. Submit in accordance with Article, INSTRUCTIONS,  in Specification 

Section 01 00 00, GENERAL REQUIREMENTS. 

2. Include the following documentation: 

a. General description and specifications for all c omponents, 

including logging on/off, alarm handling, producing  trend 

reports, overriding computer control, and changing set points and 

other variables. 

b. Detailed illustrations of all the control system s specified for 

ease of maintenance and repair/replacement procedur es, and 

complete calibration procedures. 

c. One copy of the final version of all software pr ovided including 

operating systems, programming language, operator w orkstation 

software, and graphics software. 

d. Complete troubleshooting procedures and guidelin es for all 

systems. 

e. Complete operating instructions for all systems.  

f. Recommended preventive maintenance procedures fo r all system 

components including a schedule of tasks for inspec tion, cleaning 

and calibration. Provide a list of recommended spar e parts needed 

to minimize downtime. 

g. Training Manuals: Submit the course outline and training material 

to the Owner for approval three (3) weeks prior to the training 

to VA facility personnel. These persons will be res ponsible for 

maintaining and the operation of the control system s, including 

programming. The Owner reserves the right to modify  any or all of 

the course outline and training material. 

h. Licenses, guaranty, and other pertaining documen ts for all 

equipment and systems.  
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G. Submit Performance Report to Resident Engineer p rior to final 

inspection. 

1.7 INSTRUCTIONS 

A. Instructions to VA operations personnel: Perform  in accordance with 

Article, INSTRUCTIONS, in Specification Section 01 00 00, GENERAL 

REQUIREMENTS, and as noted below.  

1.  The O/M Manuals shall contain approved submittals a s outlined in 

Article 1.7, SUBMITTALS. The Controls subcontractor  will review the 

manual contents with VA facilities personnel during  second phase of 

training. 

2.  Training shall be given by direct employees of the controls system 

subcontractor. 

1.8 PROJECT CONDITIONS (ENVIRONMENTAL CONDITIONS OF  OPERATION) 

A. The ECC and peripheral devices and system suppor t equipment shall be 

designed to operate in ambient condition of 20 to 3 5°C (65 to 90 °F) at a 

relative humidity of 20 to 80% non-condensing. 

B. The CUs used outdoors shall be mounted in NEMA 4  waterproof enclosures, 

and shall be rated for operation at –40 to 65 °C (-40 to 150 °F). 

C. All electronic equipment shall operate properly with power fluctuations 

of plus 10 percent to minus 15 percent of nominal s upply voltage. 

D. Sensors and controlling devices shall be designe d to operate in the 

environment, which they are sensing or controlling.   

1.9 APPLICABLE PUBLICATIONS 

A. The publications listed below form a part of thi s specification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. 

B. American Society of Heating, Refrigerating, and Air-Conditioning 

Engineers (ASHRAE): 

Standard 135-10.........BACNET Building Automation and Control Networks 

C. American Society of Mechanical Engineers (ASME):  

B16.18-01...............Cast Copper Alloy Solder Jo int Pressure 
Fittings. 

B16.22-01...............Wrought Copper and Copper A lloy Solder Joint 
Pressure Fittings. 
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D. American Society of Testing Materials (ASTM): 

B32-08..................Standard Specification for Solder Metal 
B88-09..................Standard Specifications for  Seamless Copper 

Water Tube 
B88M-09.................Standard Specification for Seamless Copper 

Water Tube (Metric) 
B280-08.................Standard Specification for Seamless Copper Tube 

for Air-Conditioning and Refrigeration Field 
Service 

D2737-03................Standard Specification for Polyethylene (PE) 
Plastic Tubing 

E. Federal Communication Commission (FCC): 

Rules and Regulations Title 47 Chapter 1-2001 Part 15: Radio Frequency 
Devices. 

F. Institute of Electrical and Electronic Engineers  (IEEE): 

802.3-11................Information Technology-Tele communications and 
Information Exchange between Systems-Local and 
Metropolitan Area Networks- Specific 
Requirements-Part 3: Carrier Sense Multiple 
Access with Collision Detection (CSMA/CD) 
Access method and Physical Layer Specifications 

G. National Fire Protection Association (NFPA): 

70-11...................National Electric Code 
90A-09..................Standard for Installation o f Air-Conditioning 

and Ventilation Systems  

H. Underwriter Laboratories Inc (UL): 

94-10...................Tests for Flammability of P lastic Materials for 
Parts and Devices and Appliances 

294-10..................Access Control System Units   
486A/486B-10............Wire Connectors  
555S-11.................Standard for Smoke Dampers 
916-10..................Energy Management Equipment  
1076-10.................Proprietary Burglar Alarm U nits and Systems  

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Use new products that the manufacturer is curren tly manufacturing and 

that have been installed in a minimum of 25 install ations. Spare parts 

shall be available for at least five years after co mpletion of this 

contract. 
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2.2 CONTROLS SYSTEM ARCHITECTURE 

A. General 

1. The Controls Systems shall consist of multiple N odes and associated 

equipment connected by industry standard digital an d communication 

network arrangements. 

2. The ECC, building controllers and principal comm unications network 

equipment shall be standard products of recognized major 

manufacturers available through normal PC and compu ter vendor 

channels – not "Clones" assembled by a third-party subcontractor. 

3. The networks shall, at minimum, comprise, as nec essary, the 

following: 

a. A fixed ECC and a portable operator’s terminal. 

b. Network computer processing, data storage and BA Cnet-compliant 

communication equipment including Servers and digit al data 

processors. 

c. BACnet-compliant routers, bridges, switches, hub s, modems, 

gateways, interfaces and similar communication equi pment. 

d. Active processing BACnet-compliant building cont rollers connected 

to other BACNet-compliant controllers together with  their power 

supplies and associated equipment. 

e. Addressable elements, sensors, transducers and e nd devices. 

f. Third-party equipment interfaces and gateways as  described and 

required by the Contract Documents. 

g. Other components required for a complete and wor king Control 

Systems as specified. 

B. The Specifications for the individual elements a nd component subsystems 

shall be minimum requirements and shall be augmente d as necessary by 

the Contractor to achieve both compliance with all applicable codes, 

standards and to meet all requirements of the Contr act Documents. 

C. Network Architecture 

1. The Controls communication network shall utilize  BACnet 

communications protocol operating over a standard E thernet LAN and 

operate at a minimum speed of 100 Mb/sec. 
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2. The networks shall utilize only copper and optic al fiber 

communication media as appropriate and shall comply  with applicable 

codes, ordinances and regulations. They may also ut ilize digital 

wireless technologies as appropriate to the applica tion and if 

approved by the VA. 

3. All necessary telephone lines, ISDN lines and in ternet Service 

Provider services and connections will be provided by the VA. 

D. Third Party Interfaces: 

1. The contractor administered by this Section of t he technical 

specifications shall include necessary hardware, eq uipment, software 

and programming to allow data communications betwee n the controls 

systems and building systems supplied by other trad es. 

2. Other manufacturers and contractors supplying ot her associated 

systems and equipment shall provide their necessary  hardware, 

software and start-up at their cost and shall coope rate fully with 

the contractor administered by this Section of the technical 

specifications in a timely manner and at their cost  to ensure 

complete functional integration. 

E. Servers: 

1. Provide data storage server(s) to archive histor ical data including 

trends, alarm and event histories and transaction l ogs. 

2. Equip these server(s) with the same software too l set that is 

located in the BACnet building controllers for syst em configuration 

and custom logic definition and color graphic confi guration. 

3. Access to all information on the data storage se rver(s) shall be 

through the same browser functionality used to acce ss individual 

nodes. When logged onto a server the operator will be able to also 

interact with any other controller on the control s ystem as required 

for the functional operation of the controls system s.  The 

contractor administered by this Section of the tech nical 

specifications shall provide all necessary digital processor 

programmable data storage server(s). 
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4. These server(s) shall be utilized for controls s ystems application 

configuration, for archiving, reporting and trendin g of data, for 

operator transaction archiving and reporting, for n etwork 

information management, for alarm annunciation, for  operator 

interface tasks, for controls application managemen t and similar. 

These server(s) shall utilize IT industry standard data base 

platforms which utilize a database declarative lang uage designed for 

managing data in relational database management sys tems (RDBMS) such 

as SQL. 

2.3 COMMUNICATION 

A. Control products, communication media, connector s, repeaters, hubs, and 

routers shall comprise a BACnet internetwork. Contr oller and operator 

interface communication shall conform to ANSI/ASHRA E Standard 135-2008, 

BACnet. 

1. The Data link / physical layer protocol (for com munication) 

acceptable to the VA throughout its facilities is E thernet (ISO 

8802-3) and BACnet/IP. 

2. The ARCNET data link / physical protocol may be used in new BACnet 

sub-networks in VA non-healthcare and non-lab (i.e. , business and 

cemetery) facilities. 

3. The MS/TP data link / physical layer protocol is  not acceptable to 

the VA in any new BACnet network or sub-network in its healthcare or 

lab facilities.  

B. Each controller shall have a communication port for connection to an 

operator interface. 

C. Project drawings indicate remote buildings or si tes to be connected by 

a nominal 56,000 baud modem over voice-grade teleph one lines.  In each 

remote location a modem and field device connection  shall allow 

communication with each controller on the internetw ork as specified in 

Paragraph D. 

D. Internetwork operator interface and value passin g shall be transparent 

to internetwork architecture. 

1. An operator interface connected to a controller shall allow the 

operator to interface with each internetwork contro ller as if 

directly connected. Controller information such as data, status, 
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reports, system software, and custom programs shall  be viewable and 

editable from each internetwork controller. 

2. Inputs, outputs, and control variables used to i ntegrate control 

strategies across multiple controllers shall be rea dable by each 

controller on the internetwork.  Program and test a ll cross-

controller links required to execute specified cont rol system 

operation. An authorized operator shall be able to edit cross-

controller links by typing a standard object addres s. 

E. System shall be expandable to at least twice the  required input and 

output objects with additional controllers, associa ted devices, and 

wiring. Expansion shall not require operator interf ace hardware 

additions or software revisions. 

F. ECCs and Controllers with real-time clocks shall  use the BACnet Time 

Synchronization service. The system shall automatic ally synchronize 

system clocks daily from an operator-designated dev ice via the 

internetwork. The system shall automatically adjust  for daylight 

savings and standard time as applicable. 

2.4 ENGINEERING CONTROL CENTER (ECC) 

A.  The ECC shall reside on a high-speed network with c ontrollers as shown 

on system drawings. The ECC and each standard brows er connected to 

server shall be able to access all system informati on.  

B.  ECC and controllers shall communicate using BACnet protocol. ECC and 

control network backbone shall communicate using IS O 8802-3 (Ethernet) 

Data Link/Physical layer protocol and BACnet/IP add ressing as specified 

in ASHRAE/ANSI 135-2008, BACnet Annex J. 

C.  Hardware: ECC shall conform to the BACnet Advanced Workstation (B-AWS) 

Profile and shall be BTL-Listed as a B-AWS device. 

1.  ECC shall be commercial standard with supporting 32 - or 64-bit 

hardware (as required by the direct-digital control  system software) 

and software enterprise server. Internet Explorer v 6.0 SP1 or 

higher, Windows Script Hosting version 5.6 or highe r, Windows 

Message Queuing, Windows Internet Information Servi ces (IIS) v5.0 or 

higher, minimum 2.8 GHz processor, minimum 4GB DDR3  SDRAM (minimum 

1333 Mhz) memory, 512 MB video card, and 16 speed h igh density DVD-

RW+/- optical drive. 
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a.  The hard drive shall be at the minimum 1 TB 7200 rp m SATA hard 

drive with 16 MB cache, and shall have sufficient m emory to 

store: 

1)  All required operator workstation software 

2)  A DDC database at least twice the size of the deliv ered system 

database 

3)  One year of trend data based on the points specifie d to be 

trended at their specified trend intervals. 

b.  Real-time clock: 

1)  Accuracy:  Plus or minus 1 minute per month. 

2)  Time Keeping Format:  24-hour time format including  seconds, 

minutes, hours, date, day, and month; automatic res et by 

software. 

3)  Clock shall function for one year without power. 

4)  Provide automatic time correction once every 24 hou rs by 

synchronizing clock with the Time Service Departmen t of the 

U.S. Naval Observatory. 

c.  Serial ports:  Four USB ports and two RS-232-F seri al ports for 

general use, with additional ports as required.  Da ta 

transmission rates shall be selectable under progra m control. 

d.  Parallel port:  Enhanced. 

e.  Sound card:  For playback and recording of digital WAV sound 

files associated with audible warning and alarm fun ctions. 

f.  Color monitor:  PC compatible, not less than 22 inc hes, LCD type, 

with a minimum resolution of 1280 by 1024 pixels, n on-interlaced, 

and a maximum dot pitch of 0.28 mm. 

g.  Keyboard:  Minimum of 64 characters, standard ASCII  character set 

based on ANSI INCITS 154. 

h.  Mouse:  Standard, compatible with installed softwar e. 

i. Removable disk storage: Include the following, e ach with 

appropriate controller: 

1) Minimum 1 TB removable hard disk, maximum averag e access time 

of 10 ms. 
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j. Network interface card (NIC): integrated 10-100- 1000 Base-TX 

Ethernet NIC with an RJ45 connector or a 100Base-FX  Ethernet NIC 

with an SC/ST connector. 

2.  Cable modem: 42.88 MBit/s, DOCSIS 2.0 Certified, al so backwards 

compatible with DOCSIS 1.1/1.0 standards. Provide E thernet or USB 

connectivity. 

3.  Optical modem: full duplex link, for use on 10 GBas e-R single-mode 

and multi-mode fiber with a XENPAK module. 

4.  Auto-dial modem:  56,600 bps, full duplex for async hronous 

communications.  With error detection, auto answer/ autodial, and 

call-in-progress detection.  Modem shall comply wit h requirements in 

ITU-T v.34, ITU-T v.42, ITU-T v.42 Appendix VI for error correction, 

and ITU-T v.42 BIS for data compression standards; and shall be 

suitable for operating on unconditioned voice-grade  telephone lines 

complying with 47 CFR 68. 

5. Audible Alarm:  Manufacturer's standard. 

6. Printers: 

a. Provide a dedicated, minimum resolution 600 dpi,  color laser 

printer, connected to the ECC through a USB interfa ce. 

1) If a network printer is used instead of this ded icated 

printer, it shall have a 100Base-T interface with a n RJ45 

connection and shall have a firmware print spooler compatible 

with the Operating System print spooler. 

2) RAM:  512 MB, minimum. 

3) Printing Speed:  Minimum twenty six pages per mi nute (color); 

minimum 30 pages per minute (black/white). 

4) Paper Handling:  Automatic sheet feeder with 250 -sheet x 8.5 

inch x 11 inch paper cassette and with automatic fe ed. 

b. Provide a dedicated black/white tractor-feed dot  matrix printer 

for status/alarm message printing, minimum 10 chara cters per 

inch, minimum 160 characters per second, connected to the ECC 

through a USB interface. 

1) Paper: One box of 2000 sheets of 8-1/2x11 multi- fold type 

printer paper. 
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7. RS-232 ASCII Interface 

a. ASCII interface shall allow RS-232 connections t o be made between 

a meter or circuit monitor operating as the host PC  and any 

equipment that will accept RS-232 ASCII command str ings, such as 

local display panels, dial-up modems, and alarm tra nsmitters. 

b. Pager System Interface:  Alarms shall be able to  activate a pager 

system with customized message for each input alarm . 

c. Alarm System Interface: RS-232 output shall be c apable of 

transmitting alarms from other monitoring and alarm  systems to 

workstation software. 

d. RS-232 output shall be capable of connection to a pager interface 

that can be used to call a paging system or service  and send a 

signal to a portable pager.  System shall allow an individual 

alphanumeric message per alarm input to be sent to paging system.  

This interface shall support both numeric and alpha numeric 

pagers. 

e. Cables: provide Plenum-Type, RS-232 Cable:  Pair ed, 2 pairs, 

No. 22 AWG, stranded (7x30) tinned copper conductor s, plastic 

insulation, and individual aluminum foil-polyester tape shielded 

pairs with 100 percent shield coverage; plastic jac ket.  Pairs 

are cabled on common axis with No. 24 AWG, stranded  (7x32) tinned 

copper drain wire. 

1) NFPA 70, Type CMP. 

2) Flame Resistance:  NFPA 262, Flame Test. 

8. Self-contained uninterruptible power supply (UPS ): 

a. Size:  Provide a minimum of six hours of operati on of ECC 

equipment, including two hours of alarm printer ope ration. 

b. Batteries:  Sealed, valve regulated, recombinant , lead calcium. 

c. Accessories: 

1) Transient voltage suppression. 

2) Input-harmonics reduction. 

3) Rectifier/charger. 

4) Battery disconnect device. 

5) Static bypass transfer switch. 

6) Internal maintenance bypass/isolation switch. 
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7) External maintenance bypass/isolation switch. 

8) Output isolation transformer. 

9) Remote UPS monitoring. 

10) Battery monitoring. 

11) Remote battery monitoring. 

D. ECC Software: 

1. Provide for automatic system database save and r estore on the ECC’s 

hard disk a copy of the current database of each Co ntroller. This 

database shall be updated whenever a change is made  in any system 

panel. In the event of a database loss in a buildin g management 

panel, the ECC shall automatically restore the data base for that 

panel. This capability may be disabled by the opera tor. 

2. Provide for manual database save and restore.  A n operator with 

proper clearance shall be able to save the database  from any system 

panel. The operator also shall be able to clear a p anel database and 

manually initiate a download of a specified databas e to any panel in 

the system. 

3. Provide a method of configuring the system. This  shall allow for 

future system changes or additions by users with pr oper clearance. 

4. Operating System. Furnish a concurrent multi-tas king operating 

system. The operating system also shall support the  use of other 

common software applications. Acceptable operating systems are 

Windows XP, Windows System 7, Linux, and UNIX. 

5. System Graphics. The operator workstation softwa re shall be 

graphically oriented. The system shall allow displa y of up to 10 

graphic screens at once for comparison and monitori ng of system 

status. Provide a method for the operator to easily  move between 

graphic displays and change the size and location o f graphic 

displays on the screen. The system graphics shall b e able to be 

modified while on-line. An operator with the proper  password level 

shall be able to add, delete, or change dynamic obj ects on a 

graphic. Dynamic objects shall include analog and b inary values, 

dynamic text, static text, and animation files. Gra phics shall have 

the ability to show animation by shifting image fil es based on the 

status of the object. 
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6. Custom Graphics. Custom graphic files shall be c reated with the use 

of a graphics generation package furnished with the  system. The 

graphics generation package shall be a graphically based system that 

uses the mouse to create and modify graphics that a re saved in 

industry standard formats such as PCX, TIFF, and GE M. The graphics 

generation package also shall provide the capabilit y of capturing or 

converting graphics from other programs such as Des igner or AutoCAD.  

7. Graphics Library. Furnish a complete library of standard HVAC 

equipment graphics such as chillers, boilers, air h andlers, 

terminals, fan coils, and unit ventilators. This li brary also shall 

include standard symbols for other equipment includ ing fans, pumps, 

coils, valves, piping, dampers, and ductwork. The l ibrary shall be 

furnished in a file format compatible with the grap hics generation 

package program. 

8. The Controls Systems Operator Interfaces shall b e user friendly, 

readily understood and shall make maximum use of co lors, graphics, 

icons, embedded images, animation, text based infor mation and data 

visualization techniques to enhance and simplify th e use and 

understanding of the displays by authorized users a t the ECC. The 

operating system shall be Windows XP or better, and  shall support 

the third party software. 

9. Provide graphical user software, which shall min imize the use of 

keyboard through the use of the mouse and "point an d click" approach 

to menu selection. 

10. The software shall provide a multi-tasking type  environment that 

will allow the user to run several applications sim ultaneously. The 

mouse or Alt-Tab keys shall be used to quickly sele ct and switch 

between multiple applications. The operator shall b e able 

automatically export data to and work in Microsoft Word, Excel, and 

other Windows based software programs, while concur rently on-line 

system alarms and monitoring information. 
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11. On-Line Help. Provide a context-sensitive, on-l ine help system to 

assist the operator in operating and editing the sy stem. On-line 

help shall be available for all applications and sh all provide the 

relevant data for that particular screen. Additiona l help 

information shall be available through the use of h ypertext. 

12. User access shall be protected by a flexible an d Owner re-definable 

software-based password access protection. Password  protection shall 

be multi-level and partition able to accommodate th e varied access 

requirements of the different user groups to which individual users 

may be assigned. Provide the means to define unique  access 

privileges for each individual authorized user. Pro vide the means to 

on-line manage password access control under the co ntrol of a 

project specific Master Password. Provide an audit trail of all user 

activity on the Controls Systems including all acti ons and changes. 

13. The system shall be completely field-programmab le from the common 

operator’s keyboard thus allowing hard disk storage  of all data 

automatically. All programs for the CUs shall be ab le to be 

downloaded from the hard disk. The software shall p rovide the 

following functionality as a minimum:  

a. Point database editing, storage and downloading of controller 

databases. 

b. Scheduling and override of building environmenta l control 

systems. 

c. Collection and analysis of historical data. 

d. Alarm reporting, routing, messaging, and acknowl edgement. 

e. Definition and construction of dynamic color gra phic displays. 

f. Real-time graphical viewing and control of envir onment. 

g. Scheduling trend reports. 

h. Program editing. 

i. Operating activity log and system security. 

j. Transfer data to third party software. 

14. Provide functionality such that using the least  amount of steps to 

initiate the desired event may perform any of the f ollowing 

simultaneously: 

a. Dynamic color graphics and graphic control. 
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b. Alarm management. 

c. Event scheduling. 

d. Dynamic trend definition and presentation. 

e. Program and database editing.  

f. Each operator shall be required to log on to the  system with a 

user name and password to view, edit or delete the data. System 

security shall be selectable for each operator, and  the password 

shall be able to restrict the operator’s access for  viewing and 

changing the system programs. Each operator shall a utomatically 

be logged off the system if no keyboard or mouse ac tivity is 

detected for a selected time.  

15. Graphic Displays: 

a. The workstation shall allow the operator to acce ss various system 

schematics and floor plans via a graphical penetrat ion scheme, 

menu selection, or text based commands. Graphic sof tware shall 

permit the importing of AutoCAD or scanned pictures  in the 

industry standard format (such as PCX, BMP, GIF, an d JPEG) for 

use in the system.  

b. System Graphics shall be project specific and sc hematically 

correct for each system. (ie: coils, fans, dampers located per 

equipment supplied with project.)  Standard system graphics that 

do not match equipment or system configurations are  not 

acceptable.  Operator shall have capability to manu ally operate 

the entire system from each graphic screen at the E CC.  Each 

system graphic shall include a button/tab to a disp lay of the 

applicable sequence of operation. 

c. Dynamic temperature values, humidity values, flo w rates, and 

status indication shall be shown in their locations  and shall 

automatically update to represent current condition s without 

operator intervention and without pre-defined scree n refresh 

values. 

d. Color shall be used to indicate status and chang e in status of 

the equipment. The state colors shall be user defin able. 
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e. A clipart library of HVAC equipment, such as chi llers, boilers, 

air handling units, fans, terminal units, pumps, co ils, standard 

ductwork, piping, valves and laboratory symbols sha ll be provided 

in the system. The operator shall have the ability to add custom 

symbols to the clipart library. 

f. A dynamic display of the site-specific architect ure showing 

status of the controllers, the ECC and network shal l be provided. 

g. The windowing environment of the workstation sha ll allow the user 

to simultaneously view several applications at a ti me to analyze 

total building operation or to allow the display of  graphic 

associated with an alarm to be viewed without inter rupting work 

in progress. The graphic system software shall also  have the 

capability to split screen, half portion of the scr een with 

graphical representation and the other half with se quence of 

operation of the same HVAC system.  

16. Trend reports shall be generated on demand or p re-defined schedule 

and directed to monitor display, printers or disk. As a minimum, the 

system shall allow the operator to easily obtain th e following types 

of reports:  

a. A general list of all selected points in the net work. 

b. List of all points in the alarm. 

c. List of all points in the override status. 

d. List of all disabled points. 

e. List of all points currently locked out. 

f. List of user accounts and password access levels . 

g. List of weekly schedules. 

h. List of holiday programming. 

i. List of limits and dead bands. 

j. Custom reports. 

k. System diagnostic reports, including, list of di gital controllers 

on the network. 

l. List of programs. 

17. ASHRAE Standard 147 Report: Provide a daily rep ort that shows the 

operating condition of each chiller as recommended by ASHRAE 

Standard 147. At a minimum, this report shall inclu de:  
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a. Chilled water (or other secondary coolant) inlet  and outlet 

temperature 

b. Chilled water (or other secondary coolant) flow  

c. Chilled water (or other secondary coolant) inlet  and outlet 

pressures  

d. Evaporator refrigerant pressure and temperature  

e. Condenser refrigerant pressure and liquid temper ature  

f. Condenser water inlet and outlet temperatures 

g. Condenser water flow  

h. Refrigerant levels  

i. Oil pressure and temperature  

j. Oil level  

k. Compressor refrigerant discharge temperature  

l. Compressor refrigerant suction temperature  

m. Addition of refrigerant  

n. Addition of oil  

o. Vibration levels or observation that vibration i s not excessive 

p. Motor amperes per phase 

q. Motor volts per phase 

r. PPM refrigerant monitor level 

s. Purge exhaust time or discharge count 

t. Ambient temperature (dry-bulb and wet-bulb) 

u. Date and time logged 

18. Electrical, Gas, and Weather Reports 

a. Electrical Meter Report: Provide a monthly repor t showing the 

daily electrical consumption and peak electrical de mand with time 

and date stamp for each building meter.  

b. Provide an annual (12-month) summary report show ing the monthly 

electrical consumption and peak demand with time an d date stamp 

for each meter.  

c. Gas Meter Report: Provide a monthly report showi ng the daily 

natural gas consumption for each meter. Provide an annual (12-

month) report that shows the monthly consumption fo r each meter. 
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d. Weather Data Report: Provide a monthly report sh owing the daily 

minimum, maximum, and average outdoor air temperatu re, as well as 

the number of heating and cooling degree-days for e ach day. 

Provide an annual (12-month) report showing the min imum, maximum, 

and average outdoor air temperature for the month, as well as the 

number of heating and cooling degree-days for the m onth.  

19. Scheduling and Override: 

a. Provide override access through menu selection f rom the graphical 

interface and through a function key. 

b. Provide a calendar type format for time-of-day s cheduling and 

overrides of building control systems. Schedules re side in the 

ECC.  The digital controllers shall ensure equipmen t time 

scheduling when the ECC is off-line.  The ECC shall  not be 

required to execute time scheduling. Provide the fo llowing 

spreadsheet graphics as a minimum: 

1) Weekly schedules. 

2) Zone schedules, minimum of 100 zones. 

3) Scheduling up to 365 days in advance. 

4) Scheduled reports to print at workstation. 

20. Collection and Analysis of Historical Data: 

a. Provide trending capabilities that will allow th e operator to 

monitor and store records of system activity over a n extended 

period of time. Points may be trended automatically  on time based 

intervals or change of value, both of which shall b e user 

definable. The trend interval could be five (5) min utes to 120 

hours. Trend data may be stored on hard disk for fu ture 

diagnostic and reporting. Additionally trend data m ay be archived 

to network drives or removable disk media for off-s ite retrieval. 

b. Reports may be customized to include individual points or 

predefined groups of at least six points. Provide a dditional 

functionality to allow pre-defined groups of up to 250 trended 

points to be easily accessible by other industry st andard word 

processing and spreadsheet packages. The reports sh all be time 

and date stamped and shall contain a report title a nd the name of 

the facility. 
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c. System shall have the set up to generate spreads heet reports to 

track energy usage and cost based on weekly or mont hly interval, 

equipment run times, equipment efficiency, and/or b uilding 

environmental conditions.  

d. Provide additional functionality that will allow  the operator to 

view real time trend data on trend graph displays. A minimum of 

20 points may be graphed regardless of whether they  have been 

predefined for trending. In addition, the user may pause the 

graph and take snapshots of the screens to be store d on the 

workstation disk for future reference and trend ana lysis. Exact 

point values may be viewed and the graph may be pri nted. Operator 

shall be able to command points directly on the tre nd plot by 

double clicking on the point. 

21. Alarm Management: 

a. Alarm routing shall allow the operator to send a larm notification 

to selected printers or operator workstation based on time of 

day, alarm severity, or point type. 

b. Alarm notification shall be provided via two ala rm icons, to 

distinguish between routine, maintenance type alarm s and critical 

alarms. The critical alarms shall display on the sc reen at the 

time of its occurrence, while others shall display by clicking on 

their icon. 

c. Alarm display shall list the alarms with highest  priority at the 

top of the display. The alarm display shall provide  selector 

buttons for display of the associated point graphic  and message 

in English language. The operator shall be able to sort out the 

alarms. 

d. Alarm messages shall be customized for each poin t to display 

detailed instructions to the operator regarding act ions to take 

in the event of an alarm. 

e. An operator with proper security level access ma y acknowledge and 

clear the alarm. All that have not been cleared sha ll be archived 

at workstation disk. 
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22. Remote Communications: The system shall have th e ability to dial out 

in the event of an alarm. Receivers shall include o perator 

workstations, e-mail addresses, and alpha-numeric p agers. The alarm 

message shall include the name of the calling locat ion, the device 

that generated the alarm, and the alarm message its elf. 

23. System Configuration: 

a. Network control strategies shall not be restrict ed to a single 

digital controller, but shall be able to include da ta from all 

other network devices to allow the development of g lobal control 

strategies. 

b. Provide automatic backup and restore of all digi tal controller 

databases on the workstation hard disk. In addition  to all backup 

data, all databases shall be performed while the wo rkstation is 

on-line without disturbing other system operations.   

2.5 NETWORK AND DEVICE NAMING CONVENTION 

A. Network Numbers 

1. BACnet network numbers shall be based on a "faci lity code, network" 

concept. The "facility code" is the VAMC’s or VA ca mpus’ assigned 

numeric value assigned to a specific facility or bu ilding. The 

"network" typically corresponds to a "floor" or oth er logical 

configuration within the building. BACnet allows 65 535 network 

numbers per BACnet internet work.  

2. The network numbers are thus formed as follows: "Net #" = "FFFNN" 

where: 

a. FFF = Facility code (see below) 

b. NN = 00-99 This allows up to 100 networks per fa cility or 

building 

B. Device Instances 

1. BACnet allows 4194305 unique device instances pe r BACnet internet 

work. Using Agency's unique device instances are fo rmed as follows: 

"Dev #" = "FFFNNDD" where 

a. FFF and N are as above and 

b. DD = 00-99, this allows up to 100 devices per ne twork. 

 



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

23 09 23 - 37 

2. Note Special cases, where the network architectu re of limiting 

device numbering to DD causes excessive subnet work s. The device 

number can be expanded to DDD and the network numbe r N can become a 

single digit. In NO case shall the network number N  and the device 

number D exceed 4 digits.   

3. Facility code assignments: 

4. 000-400 Building/facility number 

5. Note that some facilities have a facility code w ith an alphabetic 

suffix to denote wings, related structures, etc. Th e suffix will be 

ignored. Network numbers for facility codes above 4 00 will be 

assigned in the range 000-399. 

C. Device Names 

1. Name the control devices based on facility name,  location within a 

facility, the system or systems that the device mon itors and/or 

controls, or the area served. The intent of the dev ice naming is to 

be easily recognized. Names can be up to 254 charac ters in length, 

without embedded spaces. Provide the shortest descr iptive, but 

unambiguous, name. For example, in building #123 pr efix the number 

with a “B” followed by the building number, if ther e is only one 

chilled water pump "CHWP-1", a valid name would be "B123.CHWP. 

1.STARTSTOP". If there are two pumps designated "CH WP-1", one in a 

basement mechanical room (Room 0001) and one in a p enthouse 

mechanical room (Room PH01), the names could be "B1 23.R0001.CHWP.1. 

STARTSTOP" or "B123.RPH01.CHWP.1.STARTSTOP". In the  case of unitary 

controllers, for example a VAV box controller, a na me might be 

"B123.R101.VAV". These names should be used for the  value of the 

"Object_Name" property of the BACnet Device objects  of the 

controllers involved so that the BACnet name and th e EMCS name are 

the same. 
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2.6 BACNET DEVICES 

A. All BACnet Devices – controllers, gateways, rout ers, actuators and 

sensors shall conform to BACnet Device Profiles and  shall be BACnet 

Testing Laboratories (BTL) -Listed as conforming to  those Device 

Profiles.  Protocol Implementation Conformance Stat ements (PICSs), 

describing the BACnet capabilities of the Devices s hall be published 

and available of the Devices through links in the B TL website. 

1. BACnet Building Controllers, historically referr ed to as NACs, shall 

conform to the BACnet B-BC Device Profile, and shal l be BTL-Listed 

as conforming to the B-BC Device Profile.  The Devi ce’s PICS shall 

be submitted. 

2. BACnet Advanced Application Controllers shall co nform to the BACnet 

B-AAC Device Profile, and shall be BTL-Listed as co nforming to the 

B-AAC Device Profile.  The Device’s PICS shall be s ubmitted. 

3. BACnet Application Specific Controllers shall co nform to the BACnet 

B-ASC Device Profile, and shall be BTL-Listed as co nforming to the 

B-ASC Device Profile.  The Device’s PICS shall be s ubmitted. 

4. BACnet Smart Actuators shall conform to the BACn et B-SA Device 

Profile, and shall be BTL-Listed as conforming to t he B-SA Device 

Profile.  The Device’s PICS shall be submitted. 

5. BACnet Smart Sensors shall conform to the BACnet  B-SS Device 

Profile, and shall be BTL-Listed as conforming to t he B-SS Device 

Profile.  The Device’s PICS shall be submitted. 

6. BACnet routers and gateways shall conform to the  BACnet B-OTH Device 

Profile, and shall be BTL-Listed as conforming to t he B-OTH Device 

Profile.  The Device’s PICS shall be submitted. 

2.7 CONTROLLERS 

A.  General. Provide an adequate number of BTL-Listed B -BC building 

controllers and an adequate number of BTL-Listed B- AAC advanced 

application controllers to achieve the performance specified in the 

Part 1 Article on “System Performance.” Each of the se controllers shall 

meet the following requirements.  

1.  The controller shall have sufficient memory to supp ort its operating 

system, database, and programming requirements. 
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2.  The building controller shall share data with the E CC and the other 

networked building controllers.  The advanced appli cation controller 

shall share data with its building controller and t he other 

networked advanced application controllers. 

3.  The operating system of the controller shall manage  the input and 

output communication signals to allow distributed c ontrollers to 

share real and virtual object information and allow  for central 

monitoring and alarms. 

4.  Controllers that perform scheduling shall have a re al-time clock. 

5. The controller shall continually check the statu s of its processor 

and memory circuits. If an abnormal operation is de tected, the 

controller shall:  

a. assume a predetermined failure mode, and 

b. generate an alarm notification.  

6. The controller shall communicate with other BACn et devices on the 

internetwork using the BACnet Read (Execute and Ini tiate) and Write 

(Execute and Initiate) Property services.  

7. Communication. 

a. Each controller shall reside on a BACnet network  using the ISO 

8802-3 (Ethernet) Data Link/Physical layer protocol  for its 

communications. Each building controller also shall  perform 

BACnet routing if connected to a network of custom application 

and application specific controllers. 

b. The controller shall provide a service communica tion port using 

BACnet Data Link/Physical layer protocol for connec tion to a 

portable operator’s terminal. 

8. Keypad. A local keypad and display shall be prov ided for each 

controller. The keypad shall be provided for interr ogating and 

editing data. Provide a system security password sh all be available 

to prevent unauthorized use of the keypad and displ ay.  

9. Serviceability. Provide diagnostic LEDs for powe r, communication, 

and processor. All wiring connections shall be made  to field-

removable, modular terminal strips or to a terminat ion card 

connected by a ribbon cable. 
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10. Memory. The controller shall maintain all BIOS and programming 

information in the event of a power loss for at lea st 72 hours. 

11. The controller shall be able to operate at 90% to 110% of nominal 

voltage rating and shall perform an orderly shutdow n below 80% 

nominal voltage. Controller operation shall be prot ected against 

electrical noise of 5 to 120 Hz and from keyed radi os up to 5 W at 1 

m (3 ft). 

B.  Provide BTL-Listed B-ASC application specific contr ollers for each 

piece of equipment for which they are constructed.  Application 

specific controllers shall communicate with other B ACnet devices on the 

internetwork using the BACnet Read (Execute) Proper ty service. 

1.  Each B-ASC shall be capable of stand-alone operatio n and shall 

continue to provide control functions without being  connected to the 

network.  

2.  Each B-ASC will contain sufficient I/O capacity to control the 

target system. 

3.  Communication.  

a.  Each controller shall reside on a BACnet network us ing the ISO 

8802-3 (Ethernet) Data Link/Physical layer protocol  for its 

communications. Each building controller also shall  perform 

BACnet routing if connected to a network of custom application 

and application specific controllers. 

b.  Each controller shall reside on an ARCNET network u sing the ISO 

8802-2 Data Link/Physical layer protocol for its co mmunications. 

c.  Each controller shall have a BACnet Data Link/Physi cal layer 

compatible connection for a laptop computer or a po rtable 

operator’s tool. This connection shall be extended to a space 

temperature sensor port where shown. 

4.  Serviceability. Provide diagnostic LEDs for power, communication, 

and processor. All wiring connections shall be made  to field-

removable, modular terminal strips or to a terminat ion card 

connected by a ribbon cable. 

5. Memory. The application specific controller shal l use nonvolatile 

memory and maintain all BIOS and programming inform ation in the 

event of a power loss. 
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6. Immunity to power and noise. Controllers shall b e able to operate at 

90% to 110% of nominal voltage rating and shall per form an orderly 

shutdown below 80%. Operation shall be protected ag ainst electrical 

noise of 5-120 Hz and from keyed radios up to 5 W a t 1 m (3 ft). 

7. Transformer. Power supply for the ASC must be ra ted at a minimum of 

125% of ASC power consumption and shall be of the f used or current 

limiting type. 

C. Direct Digital Controller Software 

1. The software programs specified in this section shall be 

commercially available, concurrent, multi-tasking o perating system 

and support the use of software application that op erates under DOS 

or Microsoft Windows. 

2. All points shall be identified by up to 30-chara cter point name and 

16-character point descriptor. The same names shall  be used at the 

ECC. 

3. All control functions shall execute within the s tand-alone control 

units via DDC algorithms. The VA shall be able to c ustomize control 

strategies and sequences of operations defining the  appropriate 

control loop algorithms and choosing the optimum lo op parameters.  

4. All controllers shall be capable of being progra mmed to utilize 

stored default values for assured fail-safe operati on of critical 

processes. Default values shall be invoked upon sen sor failure or, 

if the primary value is normally provided by the ce ntral or another 

CU, or by loss of bus communication. Individual app lication software 

packages shall be structured to assume a fail-safe condition upon 

loss of input sensors. Loss of an input sensor shal l result in 

output of a sensor-failed message at the ECC. Each ACU and RCU shall 

have capability for local readouts of all functions . The UCUs shall 

be read remotely. 

5. All DDC control loops shall be able to utilize a ny of the following 

control modes: 

a. Two position (on-off, slow-fast) control. 

b. Proportional control. 

c. Proportional plus integral (PI) control. 
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d. Proportional plus integral plus derivative (PID)  control. All PID 

programs shall automatically invoke integral wind u p prevention 

routines whenever the controlled unit is off, under  manual 

control of an automation system or time initiated p rogram. 

e. Automatic tuning of control loops. 

6. System Security: Operator access shall be secure d using individual 

password and operator’s name. Passwords shall restr ict the operator 

to the level of object, applications, and system fu nctions assigned 

to him. A minimum of six (6) levels of security for  operator access 

shall be provided.  

7. Application Software: The controllers shall prov ide the following 

programs as a minimum for the purpose of optimizing  energy 

consumption while maintaining comfortable environme nt for occupants. 

All application software shall reside and run in th e system digital 

controllers. Editing of the application shall occur  at the ECC or 

via a portable operator’s terminal, when it is nece ssary, to access 

directly the programmable unit. 

a.  Power Demand Limiting (PDL): Power demand limiting program shall 

monitor the building power consumption and limit th e consumption 

of electricity to prevent peak demand charges. PDL shall 

continuously track the electricity consumption from  a pulse input 

generated at the kilowatt-hour/demand electric mete r. PDL shall 

sample the meter data to continuously forecast the electric 

demand likely to be used during successive time int ervals. If the 

forecast demand indicates that electricity usage wi ll likely to 

exceed a user preset maximum allowable level, then PDL shall 

automatically shed electrical loads. Once the deman d load has 

met, loads that have been shed shall be restored an d returned to 

normal mode. Control system shall be capable of dem and limiting 

by resetting the HVAC system set points to reduce l oad while 

maintaining indoor air quality. 
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b.  Economizer: An economizer program shall be provided  for VAV 

systems. This program shall control the position of  air handler 

relief, return, and outdoors dampers.  If the outdo or air dry 

bulb temperature and humidity fall below changeover  set point the 

energy control center will modulate the dampers to provide 100 

percent outdoor air. The operator shall be able to override the 

economizer cycle and return to minimum outdoor air operation at 

any time.  

c.  Night Setback/Morning Warm up Control: The system s hall provide 

the ability to automatically adjust set points for this mode of 

operation.  

d.  Optimum Start/Stop (OSS): Optimum start/stop progra m shall 

automatically be coordinated with event scheduling.   The OSS 

program shall start HVAC equipment at the latest po ssible time 

that will allow the equipment to achieve the desire d zone 

condition by the time of occupancy, and it shall al so shut down 

HVAC equipment at the earliest possible time before  the end of 

the occupancy period and still maintain desired com fort 

conditions.  The OSS program shall consider both ou tside weather 

conditions and inside zone conditions.  The program  shall 

automatically assign longer lead times for weekend and holiday 

shutdowns.  The program shall poll all zones served  by the 

associated AHU and shall select the warmest and coo lest zones.  

These shall be used in the start time calculation.  It shall be 

possible to assign occupancy start times on a per a ir handler 

unit basis.  The program shall meet the local code requirements 

for minimum outdoor air while the building is occup ied.  

Modification of assigned occupancy start/stop times  shall be 

possible via the ECC. 

e.  Event Scheduling: Provide a comprehensive menu driv en program to 

automatically start and stop designated points or a  group of 

points according to a stored time. This program sha ll provide the 

capability to individually command a point or group  of points. 

When points are assigned to one common load group i t shall be 

possible to assign variable time advances/delays be tween each 
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successive start or stop within that group. Schedul ing shall be 

calendar based and advance schedules may be defined  up to one 

year in advance. Advance schedule shall override th e day-to-day 

schedule. The operator shall be able to define the following 

information: 

1)  Time, day. 

2)  Commands such as on, off, auto. 

3)  Time delays between successive commands. 

4)  Manual overriding of each schedule. 

5) Allow operator intervention. 

f. Alarm Reporting: The operator shall be able to d etermine the 

action to be taken in the event of an alarm. Alarms  shall be 

routed to the ECC based on time and events. An alar m shall be 

able to start programs, login the event, print and display the 

messages. The system shall allow the operator to pr ioritize the 

alarms to minimize nuisance reporting and to speed operator’s 

response to critical alarms. A minimum of six (6) p riority levels 

of alarms shall be provided for each point. 

g. Remote Communications: The system shall have the  ability to dial 

out in the event of an alarm to the ECC and alpha-n umeric pagers. 

The alarm message shall include the name of the cal ling location, 

the device that generated the alarm, and the alarm message 

itself. The operator shall be able to remotely acce ss and operate 

the system using dial up communications. Remote acc ess shall 

allow the operator to function the same as local ac cess. 

h. Maintenance Management (PM): The program shall m onitor equipment 

status and generate maintenance messages based upon  the operators 

defined equipment run time, starts, and/or calendar  date limits. 

A preventative maintenance alarm shall be printed i ndicating 

maintenance requirements based on pre-defined run t ime. Each 

preventive message shall include point description,  limit 

criteria and preventative maintenance instruction a ssigned to 

that limit. A minimum of 480-character PM shall be provided for 

each component of units such as air handling units.   
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2.8 SPECIAL CONTROLLERS 

A. Laboratory rooms and the fume hoods in those roo ms shall be controlled 

to allow for a variable flow of conditioned air int o the room, general 

exhaust from the room, and exhaust through the fume  hood while 

maintaining a safe face velocity at the hood sash o pening and proper 

space pressurization. 

B. Fume Hood Exhaust Air Controller: The air flow t hrough the open face of 

the hood, regardless of sash position, shall be con trolled at a face 

velocity between 30 to 36 meter per minute (100 fpm  and 120 fpm). A 

velocity sensor controller located in a sampling tu be in the side wall 

of the hood shall control a damper in the hood disc harge to maintain 

the face velocity. 

C. Room Differential Pressure Controller: The diffe rential pressure in 

laboratory rooms, operating rooms and isolation roo ms shall be 

maintained by controlling the quantity of air exhau sted from or 

supplied to the room. A sensor-controller shall mea sure and control the 

velocity of air flowing into or out of the room thr ough a sampling tube 

installed in the wall separating the room from the adjacent space, and 

display the value on its monitor. The sensor-contro ller shall meet the 

following as a minimum:  

1. Operating range: -0.25 to +0.25 inches of water column 

2. Resolution: 5 percent of reading 

3. Accuracy: +/- 10 percent of reading +/- 0.005 in ches of water column 

4. Analog output: 0-10 VDC or 4-20 ma  

5. Operating temperature range: 32 °F-120 °F 

2.9 SENSORS (AIR, WATER AND STEAM) 

A. Sensors’ measurements shall be read back to the DDC system, and shall 

be visible by the ECC. 

B. Temperature and Humidity Sensors shall be electr onic, vibration and 

corrosion resistant for wall, immersion, and/or duc t mounting. Provide 

all remote sensors as required for the systems. 

1. Temperature Sensors: thermistor type for termina l units and 

Resistance Temperature Device (RTD) with an integra l transmitter 

type for all other sensors. 
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a. Duct sensors shall be rigid or averaging type as  shown on 

drawings. Averaging sensor shall be a minimum of 1 linear ft of 

sensing element for each sq ft of cooling coil face  area. 

b. Immersion sensors shall be provided with a separ able well made of 

stainless steel, bronze or monel material. Pressure  rating of 

well is to be consistent with the system pressure i n which it is 

to be installed. 

c. Space sensors shall be equipped with in-space Us er set-point 

adjustment, override switch, numerical temperature display on 

sensor cover, and communication port. Match room th ermostats.  

Provide a tooled-access cover. 

1) Public space sensor: setpoint adjustment shall b e only through 

the ECC or through the DDC system’s diagnostic devi ce/laptop.  

Do not provide in-space User set-point adjustment.  Provide an 

opaque keyed-entry cover if needed to restrict in-s pace User 

set-point adjustment. 

2) Psychiatric patient room sensor: sensor shall be  flush with 

wall, shall not include an override switch, numeric al 

temperature display on sensor cover, shall not incl ude a 

communication port and shall not allow in-space Use r set-point 

adjustment.  Setpoint adjustment shall be only thro ugh the ECC 

or through the DDC system’s diagnostic device/lapto p.  Provide 

a stainless steel cover plate with an insulated bac k and 

security screws. 

d. Outdoor air temperature sensors shall have water tight inlet 

fittings and be shielded from direct sunlight. 

e. Room security sensors shall have stainless steel  cover plate with 

insulated back and security screws. 

f. Wire: Twisted, shielded-pair cable. 

g. Output Signal: 4-20 ma. 

2. Humidity Sensors: Bulk polymer sensing element t ype. 

a. Duct and room sensors shall have a sensing range  of 20 to 80 

percent with accuracy of ± 2 to ± 5 percent RH, including 

hysteresis, linearity, and repeatability.  
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b. Outdoor humidity sensors shall be furnished with  element guard 

and mounting plate and have a sensing range of 0 to  100 percent 

RH.  

c. 4-20 ma continuous output signal. 

C. Static Pressure Sensors: Non-directional, temper ature compensated.  

1. 4-20 ma output signal. 

2. 0 to 5 inches wg for duct static pressure range.  

3. 0 to 0.25 inch wg for Building static pressure r ange. 

D. Water flow sensors: 

1. Type:  Insertion vortex type with retractable pr obe assembly and 2 

inch full port gate valve. 

a. Pipe size: 3 to 24 inches. 

b. Retractor:  ASME threaded, non-rising stem type with hand wheel. 

c. Mounting connection:  2 inch 150 PSI flange.  

d. Sensor assembly:  Design for expected water flow  and pipe size. 

e. Seal: Teflon (PTFE). 

2. Controller:  

a. Integral to unit. 

b. Locally display flow rate and total. 

c. Output flow signal to BMCS:  Digital pulse type.  

3. Performance: 

a. Turndown: 20:1 

b. Response time: Adjustable from 1 to 100 seconds.  

c. Power: 24 volt DC 

4. Install flow meters according to manufacturer’s recommendations. 

Where recommended by manufacturer because of mounti ng conditions, 

provide flow rectifier. 

E. Water Flow Sensors: shall be insertion turbine t ype with turbine 

element, retractor and preamplifier/transmitter mou nted on a two-inch 

full port isolation valve; assembly easily removed or installed as a 

single unit under line pressure through the isolati on valve without 

interference with process flow; calibrated scale sh all allow precise 

positioning of the flow element to the required ins ertion depth within 

plus or minute 1 mm (0.05 inch); wetted parts shall  be constructed of 

stainless steel. Operating power shall be nominal 2 4 VDC. Local 
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instantaneous flow indicator shall be LED type in N EMA 4 enclosure with 

3-1/2 digit display, for wall or panel mounting. 

1. Performance characteristics: 

a. Ambient conditions: -40 °C to 60 °C (-40 °F to 140 °F), 5 to 100% 

humidity. 

b. Operating conditions: 850 kPa (125 psig), 0 °C to 120 °C (30 °F to 

250 °F), 0.15 to 12 m per second (0.5 to 40 feet per sec ond) 

velocity. 

c. Nominal range (turn down ratio): 10 to 1. 

d. Preamplifier mounted on meter shall provide 4-20  ma divided pulse 

output or switch closure signal for units of volume  or mass per a 

time base. Signal transmission distance shall be a minimum of 

1,800 meters (6,000 feet). // Preamplifier for bi-d irectional 

flow measurement shall provide a directional contac t closure from 

a relay mounted in the preamplifier //. 

e. Pressure Loss: Maximum 1 percent of the line pre ssure in line 

sizes above 100 mm (4 inches). 

f. Ambient temperature effects, less than 0.005 per cent calibrated 

span per °C ( °F) temperature change. 

g. RFI effect - flow meter shall not be affected by  RFI. 

h. Power supply effect less than 0.02 percent of sp an for a 

variation of plus or minus 10 percent power supply.   

F. Steam Flow Sensor/Transmitter: 

1. Sensor: Vortex shedder incorporating wing type s ensor and 

amplification technology for high signal-to-noise r atio, carbon 

steel body with 316 stainless steel working parts, 24 VDC power, 

NEMA 4 enclosure. 

a. Ambient conditions, -40 °C to 80 °C (-40 °F to 175 °F). 

b. Process conditions, 900 kPa (125 psig) saturated  steam. 

c. Turn down ratio, 20 to 1. 

d. Output signal, 4-20 ma DC. 

e. Processor/Transmitter, NEMA 4 enclosure with key pad program 

selector and six digit LCD output display of instan taneous flow 

rate or totalized flow, solid state switch closure signal shall 

be provided to the nearest DDC panel for totalizati on.  
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1) Ambient conditions, -20 °C to 50 °C (0 °F-120 °F), 0 95 percent non-

condensing RH. 

2) Power supply, 120 VAC, 60 hertz or 24 VDC. 

3) Internal battery, provided for 24-month retentio n of RAM 

contents when all other power sources are removed. 

f. Sensor on all steam lines shall be protected by pigtail siphons 

installed between the sensor and the line, and shal l have an 

isolation valve installed between the sensor and pr essure source. 

G. Flow switches: 

1. Shall be either paddle or differential pressure type. 

a. Paddle-type switches (liquid service only) shall  be UL Listed, 

SPDT snap-acting, adjustable sensitivity with NEMA 4 enclosure. 

b. Differential pressure type switches (air or wate r service) shall 

be UL listed, SPDT snap acting, NEMA 4 enclosure, w ith scale 

range and differential suitable for specified appli cation.  

H. Current Switches: Current operated switches shal l be self powered, 

solid state with adjustable trip current as well as  status, power, and 

relay command status LED indication. The switches s hall be selected to 

match the current of the application and output req uirements of the DDC 

systems. 

2.10 CONTROL CABLES 

A. General: 

1. Ground cable shields, drain conductors, and equi pment to eliminate 

shock hazard and to minimize ground loops, common-m ode returns, 

noise pickup, cross talk, and other impairments.  C omply with 

Sections 27 05 26 and 26 05 26. 

2. Cable conductors to provide protection against i nduction in 

circuits. Crosstalk attenuation within the System s hall be in excess 

of -80 dB throughout the frequency ranges specified . 

3. Minimize the radiation of RF noise generated by the System equipment 

so as not to interfere with any audio, video, data,  computer main 

distribution frame (MDF), telephone customer servic e unit (CSU), and 

electronic private branch exchange (EPBX) equipment  the System may 

service. 
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4. The as-installed drawings shall identify each ca ble as labeled, used 

cable, and bad cable pairs.  

5. Label system’s cables on each end.  Test and cer tify cables in 

writing to the VA before conducting proof-of-perfor mance testing.  

Minimum cable test requirements are for impedance c ompliance, 

inductance, capacitance, signal level compliance, o pens, shorts, 

cross talk, noise, and distortion, and split pairs on all cables in 

the frequency ranges used. Make available all cable  installation and 

test records at demonstration to the VA. All change s (used pair, 

failed pair, etc.) shall be posted in these records  as the change 

occurs. 

6. Power wiring shall not be run in conduit with co mmunications trunk 

wiring or signal or control wiring operating at 100  volts or less.  

B. Analogue control cabling shall be not less than No. 18 AWG solid, with 

thermoplastic insulated conductors as specified in Section 26 05 21. 

C. Copper digital communication cable between the E CC and the B-BC and B-

AAC controllers shall be 100BASE-TX Ethernet, Categ ory 5e or 6, not 

less than minimum 24 American Wire Gauge (AWG) soli d, Shielded Twisted 

Pair (STP) or Unshielded Twisted Pair (UTP), with t hermoplastic 

insulated conductors, enclosed in a thermoplastic o uter jacket, as 

specified in Section 27 15 00. 

1. Other types of media commonly used within IEEE S td 802.3 LANs (e.g., 

10Base-T and 10Base-2) shall be used only in cases to interconnect 

with existing media. 

D. Optical digital communication fiber, if used, sh all be Multimode or 

Singlemode fiber, 62.5/125 micron for multimode or 10/125 micron for 

singlemode micron with SC or ST connectors as speci fied in TIA-568-C.1.  

Terminations, patch panels, and other hardware shal l be compatible with 

the specified fiber and shall be as specified in Se ction 27 15 00.   

Fiber-optic cable shall be suitable for use with th e 100Base-FX or the 

100Base-SX standard (as applicable) as defined in I EEE Std 802.3. 
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2.11 THERMOSTATS AND HUMIDISTATS 

A. Room thermostats controlling unitary standalone heating and cooling 

devices not connected to the DDC system shall have three modes of 

operation (heating - null or dead band - cooling). Thermostats for 

patient bedrooms shall have capability of being adj usted to eliminate 

null or dead band. Wall mounted thermostats shall h ave // polished or 

brushed aluminum // satin chrome // manufacturer's recommendation // 

finish, setpoint range and temperature display and external adjustment: 

1. Electronic Thermostats: Solid-state, microproces sor based, 

programmable to daily, weekend, and holiday schedul es. 

a. Public Space Thermostat: Public space thermostat  shall have a 

thermistor sensor and shall not have a visible mean s of set point 

adjustment. Adjustment shall be via the digital con troller to 

which it is connected.  

b. Patient Room Thermostats: thermistor with in-spa ce User set point 

adjustment and an on-casing room temperature numeri cal 

temperature display. 

c. Psychiatric Patient Room Sensors: Electronic duc t sensor as noted 

under Article 2.4.  

d. Battery replacement without program loss.  

B. Strap-on thermostats shall be enclosed in a dirt -and-moisture proof 

housing with fixed temperature switching point and single pole, double 

throw switch. 

C. Freezestats shall have a minimum of 300 mm (one linear foot) of sensing 

element for each 0.093 square meter (one square foo t) of coil area. A 

freezing condition at any increment of 300 mm (one foot) anywhere along 

the sensing element shall be sufficient to operate the thermostatic 

element.  Freezestats shall be manually-reset. 

D. Room Humidistats: Provide fully proportioning hu midistat with 

adjustable throttling range for accuracy of setting s and conservation. 

The humidistat shall have set point scales shown in  percent of relative 

humidity located on the instrument. Systems showing  moist/dry or 

high/low are not acceptable. 
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2.12 FINAL CONTROL ELEMENTS AND OPERATORS 

A. Fail Safe Operation: Control valves and dampers shall provide "fail 

safe" operation in either the normally open or norm ally closed position 

as required for freeze, moisture, and smoke or fire  protection. 

B. Spring Ranges: Range as required for system sequ encing and to provide 

tight shut-off. 

C. Power Operated Control Dampers (other than VAV B oxes): Factory 

fabricated, balanced type dampers. All modulating d ampers shall be 

opposed blade type and gasketed. Blades for two-pos ition, duct-mounted 

dampers shall be parallel, airfoil (streamlined) ty pe for minimum noise 

generation and pressure drop. 

1. Leakage: Maximum leakage in closed position shal l not exceed 7 L/S 

(15 CFMs) differential pressure for outside air and  exhaust dampers 

and 200 L/S/ square meter (40 CFM/sq. ft.) at 50 mm  (2 inches) 

differential pressure for other dampers. 

2. Frame shall be galvanized steel channel with sea ls as required to 

meet leakage criteria. 

3. Blades shall be galvanized steel or aluminum, 20 0 mm (8 inch) 

maximum width, with edges sealed as required.  

4. Bearing shall be nylon, bronze sleeve or ball ty pe. 

5. Hardware shall be zinc-plated steel. Connected r ods and linkage 

shall be non-slip. Working parts of joints shall be  brass, bronze, 

nylon or stainless steel. 

6. Maximum air velocity and pressure drop through f ree area the 

dampers: 

a. Smoke damper in air handling unit: 305 meter per  minute (1000 

fpm). 

b. Duct mounted damper: 600 meter per minute (2000 fpm).  

c. Maximum static pressure loss: 50 Pascal (0.20 in ches water gage). 

D. Smoke Dampers and Combination Fire/Smoke Dampers :  Dampers and 

operators are specified in Section 23 31 00, HVAC D UCTS AND CASINGS.  

Control of these dampers is specified under this Se ction. 
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E. Control Valves:  

1. Valves shall be rated for a minimum of 150 perce nt of system 

operating pressure at the valve location but not le ss than 900 kPa 

(125 psig). 

2. Valves 50 mm (2 inches) and smaller shall be bro nze body with 

threaded or flare connections. 

3. Valves 60 mm (2 1/2 inches) and larger shall be bronze or iron body 

with flanged connections. 

4. Brass or bronze seats except for valves controll ing media above 100 

degrees C (210 degrees F), which shall have stainle ss steel seats. 

5. Flow characteristics: 

a. Three way modulating valves shall be globe patte rn.  Position 

versus flow relation shall be linear relation for s team or equal 

percentage for water flow control. 

b. Two-way modulating valves shall be globe pattern .  Position 

versus flow relation shall be linear for steam and equal 

percentage for water flow control. 

c. Two-way 2-position valves shall be ball, gate or  butterfly type.   

6. Maximum pressure drop: 

a. Two position steam control: 20 percent of inlet gauge pressure. 

b. Modulating Steam Control: 80 percent of inlet ga uge pressure 

(acoustic velocity limitation). 

c. Modulating water flow control, greater of 3 mete rs (10 feet) of 

water or the pressure drop through the apparatus. 

7. Two position water valves shall be line size. 

F. Damper and Valve Operators and Relays: 

1.  Pneumatic operators, spring return type with non-fe rrous metal 

bellows or diaphragm of neoprene or other elastomer . Bellows or 

diaphragm shall be of sufficient size so that a cha nge in operating 

pressure of not more than two (2) percent of the to tal motor 

operating pressure range will be required to start the valve or 

damper moving. Provide positive positioning or sequ encing relays 

with adjustable operating range and starting point for operators 

sequenced with other operators to permit adjustment  of control 

sequences, except for control valves in confined sp aces in terminal 
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units, which may use springs with range selected to  provide 

necessary sequencing.  Metal parts shall be aluminu m, mill finish 

galvanized steel, or zinc plated steel or stainless  steel. 

2.  Electric operator shall provide full modulating con trol of dampers 

and valves. A linkage and pushrod shall be furnishe d for mounting 

the actuator on the damper frame internally in the duct or 

externally in the duct or externally on the duct wa ll, or shall be 

furnished with a direct-coupled design.  Metal part s shall be 

aluminum, mill finish galvanized steel, or zinc pla ted steel or 

stainless steel.  Provide actuator heads which allo w for electrical 

conduit attachment.  The motors shall have sufficie nt closure torque 

to allow for complete closure of valve or damper un der pressure.  

Provide multiple motors as required to achieve suff icient close-off 

torque. 

a. Minimum valve close-off pressure shall be equal to the system 

pump’s dead-head pressure, minimum 50 psig for valv es smaller 

than 4 inches. 

3. Electronic damper operators:  Metal parts shall be aluminum, mill 

finish galvanized steel, or zinc plated steel or st ainless steel.  

Provide actuator heads which allow for electrical c onduit 

attachment. The motors shall have sufficient closur e torque to allow 

for complete closure of valve or damper under press ure.  Provide 

multiple motors as required to achieve sufficient c lose-off torque. 

a. VAV Box actuator shall be mounted on the damper axle or shall be 

of the air valve design, and shall provide complete  modulating 

control of the damper. The motor shall have a closu re torque of 

35-inch pounds minimum with full torque applied at close off to 

attain minimum leakage. 

4. See drawings for required control operation. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. General: 

1. Examine project plans for control devices and eq uipment locations; 

and report any discrepancies, conflicts, or omissio ns to Resident 

Engineer for resolution before proceeding for insta llation. 
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2. Install equipment, piping, wiring /conduit paral lel to or at right 

angles to building lines. 

3. Install all equipment and piping in readily acce ssible locations. Do 

not run tubing and conduit concealed under insulati on or inside 

ducts. 

4. Mount control devices, tubing and conduit locate d on ducts and 

apparatus with external insulation on standoff supp ort to avoid 

interference with insulation. 

5. Provide sufficient slack and flexible connection s to allow for 

vibration of piping and equipment. 

6. Run tubing and wire connecting devices on or in control cabinets 

parallel with the sides of the cabinet neatly racke d to permit 

tracing.  

7. Install equipment level and plum. 

B. Electrical Wiring Installation: 

1. All wiring cabling shall be installed in conduit s.  Install conduits 

and wiring in accordance with Specification Section  26 05 33, 

RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS.  Conduits  carrying control 

wiring and cabling shall be dedicated to the contro l wiring and 

cabling: these conduits shall not carry power wirin g.  Provide 

plastic end sleeves at all conduit terminations to protect wiring 

from burrs. 

2. Install analog signal and communication cables i n conduit and in 

accordance with Specification Section 26 05 21.  In stall digital 

communication cables in conduit and in accordance w ith Specification 

Section 27 15 00, Communications Horizontal Cabling . 

3. Install conduit and wiring between operator work station(s), digital 

controllers, electrical panels, indicating devices,  instrumentation, 

miscellaneous alarm points, thermostats, and relays  as shown on the 

drawings or as required under this section.  

4.  Install all electrical work required for a fully fu nctional system 

and not shown on electrical plans or required by el ectrical 

specifications.  Where low voltage (less than 50 vo lt) power is 

required, provide suitable Class B transformers. 
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5. Install all system components in accordance with  local Building Code 

and National Electric Code. 

a. Splices: Splices in shielded and coaxial cables shall consist of 

terminations and the use of shielded cable couplers . Terminations 

shall be in accessible locations. Cables shall be h arnessed with 

cable ties. 

b. Equipment: Fit all equipment contained in cabine ts or panels with 

service loops, each loop being at least 300 mm (12 inches) long. 

Equipment for fiber optics system shall be rack mou nted, as 

applicable, in ventilated, self-supporting, code ga uge steel 

enclosure. Cables shall be supported for minimum sa g. 

c. Cable Runs: Keep cable runs as short as possible . Allow extra 

length for connecting to the terminal board. Do not  bend flexible 

coaxial cables in a radius less than ten times the cable outside 

diameter. 

d. Use vinyl tape, sleeves, or grommets to protect cables from 

vibration at points where they pass around sharp co rners, through 

walls, panel cabinets, etc. 

6. Conceal cables, except in mechanical rooms and a reas where other 

conduits and piping are exposed. 

7. Permanently label or code each point of all fiel d terminal strips to 

show the instrument or item served. Color-coded cab le with cable 

diagrams may be used to accomplish cable identifica tion. 

8. Grounding: ground electrical systems per manufac turer’s written 

requirements for proper and safe operation. 

C. Install Sensors and Controls: 

1. Temperature Sensors: 

a. Install all sensors and instrumentation accordin g to 

manufacturer’s written instructions. Temperature se nsor locations 

shall be readily accessible, permitting quick repla cement and 

servicing of them without special skills and tools.  

b. Calibrate sensors to accuracy specified, if not factory 

calibrated. 

c. Use of sensors shall be limited to its duty, e.g ., duct sensor 

shall not be used in lieu of room sensor. 
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d. Install room sensors permanently supported on wa ll frame. They 

shall be mounted at 1.5 meter (5.0 feet) above the finished 

floor.  

e. Mount sensors rigidly and adequately for the env ironment within 

which the sensor operates.  Separate extended-bulb sensors form 

contact with metal casings and coils using insulate d standoffs. 

f. Sensors used in mixing plenum, and hot and cold decks shall be of 

the averaging of type. Averaging sensors shall be i nstalled in a 

serpentine manner horizontally across duct. Each be nd shall be 

supported with a capillary clip. 

g. All pipe mounted temperature sensors shall be in stalled in wells. 

h. All wires attached to sensors shall be air seale d in their 

conduits or in the wall to stop air transmitted fro m other areas 

affecting sensor reading.  

i. Permanently mark terminal blocks for identificat ion. Protect all 

circuits to avoid interruption of service due to sh ort-circuiting 

or other conditions. Line-protect all wiring that c omes from 

external sources to the site from lightning and sta tic 

electricity. 

2. Pressure Sensors: 

a. Install duct static pressure sensor tips facing directly 

downstream of airflow.  

b. Install high-pressure side of the differential s witch between the 

pump discharge and the check valve. 

c. Install snubbers and isolation valves on steam p ressure sensing 

devices.  

3. Actuators: 

a. Mount and link damper and valve actuators accord ing to 

manufacturer’s written instructions. 

b. Check operation of damper/actuator combination t o confirm that 

actuator modulates damper smoothly throughout strok e to both open 

and closed position. 

c. Check operation of valve/actuator combination to  confirm that 

actuator modulates valve smoothly in both open and closed 

position.  
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4. Flow Switches: 

a. Install flow switch according to manufacturer’s written 

instructions. 

b. Mount flow switch a minimum of 5 pipe diameters up stream and 5 

pipe diameters downstream or 600 mm (2 feet) whiche ver is 

greater, from fittings and other obstructions. 

c. Assure correct flow direction and alignment. 

d. Mount in horizontal piping-flow switch on top of  the pipe. 

D. Installation of network: 

1. Ethernet: 

a. The network shall employ Ethernet LAN architectu re, as defined by 

IEEE 802.3. The Network Interface shall be fully In ternet 

Protocol (IP) compliant allowing connection to curr ently 

installed IEEE 802.3, Compliant Ethernet Networks. 

b. The network shall directly support connectivity to a variety of 

cabling types.  As a minimum provide the following connectivity: 

100 Base TX (Category 5e cabling) for the communica tions between 

the ECC and the B-BC and the B-AAC controllers. 

2. Third party interfaces: Contractor shall integra te real-time data 

from building systems by other trades and databases  originating from 

other manufacturers as specified and required to ma ke the system 

work as one system.  

E. Installation of digital controllers and programm ing: 

1. Provide a separate digital control panel for eac h major piece of 

equipment, such as air handling unit, chiller, pump ing unit etc. 

Points used for control loop reset such as outdoor air, outdoor 

humidity, or space temperature could be located on any of the remote 

control units. 

2. Provide sufficient internal memory for the speci fied control 

sequences and trend logging. There shall be a minim um of 25 percent 

of available memory free for future use. 

3. System point names shall be modular in design, p ermitting easy 

operator interface without the use of a written poi nt index. 

4. Provide software programming for the application s intended for the 

systems specified, and adhere to the strategy algor ithms provided.  
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5. Provide graphics for each piece of equipment and  floor plan in the 

building. This includes each chiller, cooling tower , air handling 

unit, fan, terminal unit, boiler, pumping unit etc.  These graphics 

shall show all points dynamically as specified in t he point list. 

3.2 SYSTEM VALIDATION AND DEMONSTRATION 

A. As part of final system acceptance, a system dem onstration is required 

(see below).  Prior to start of this demonstration,  the contractor is 

to perform a complete validation of all aspects of the controls and 

instrumentation system. 

B. Validation 

1. Prepare and submit for approval a validation tes t plan including 

test procedures for the performance verification te sts.  Test Plan 

shall address all specified functions of the ECC an d all specified 

sequences of operation.  Explain in detail actions and expected 

results used to demonstrate compliance with the req uirements of this 

specification.  Explain the method for simulating t he necessary 

conditions of operation used to demonstrate perform ance of the 

system.  Test plan shall include a test check list to be used by the 

Installer’s agent to check and initial that each te st has been 

successfully completed.  Deliver test plan document ation for the 

performance verification tests to the owner’s repre sentative 30 days 

prior to start of performance verification tests.  Provide draft 

copy of operation and maintenance manual with perfo rmance 

verification test. 

2. After approval of the validation test plan, inst aller shall carry 

out all tests and procedures therein.  Installer sh all completely 

check out, calibrate, and test all connected hardwa re and software 

to insure that system performs in accordance with a pproved 

specifications and sequences of operation submitted .  Installer 

shall complete and submit Test Check List. 
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C. Demonstration 

1. System operation and calibration to be demonstra ted by the installer 

in the presence of the Architect or VA's representa tive on random 

samples of equipment as dictated by the Architect o r VA’s 

representative.  Should random sampling indicate im proper 

commissioning, the owner reserves the right to subs equently witness 

complete calibration of the system at no addition c ost to the VA. 

2. Demonstrate to authorities that all required saf eties and life 

safety functions are fully functional and complete.  

3. Make accessible, personnel to provide necessary adjustments and 

corrections to systems as directed by balancing age ncy. 

4. The following witnessed demonstrations of field control equipment 

shall be included: 

a. Observe HVAC systems in shut down condition. Che ck dampers and 

valves for normal position. 

b. Test application software for its ability to com municate with 

digital controllers, operator workstation, and uplo ading and 

downloading of control programs. 

c. Demonstrate the software ability to edit the con trol program off-

line. 

d. Demonstrate reporting of alarm conditions for ea ch alarm and 

ensure that these alarms are received at the assign ed location, 

including operator workstations. 

e. Demonstrate ability of software program to funct ion for the 

intended applications-trend reports, change in stat us etc. 

f. Demonstrate via graphed trends to show the seque nce of operation 

is executed in correct manner, and that the HVAC sy stems operate 

properly through the complete sequence of operation , e.g., 

seasonal change, occupied/unoccupied mode, and warm -up condition. 

g. Demonstrate hardware interlocks and safeties fun ctions, and that 

the control systems perform the correct sequence of  operation 

after power loss and resumption of power loss. 

h. Prepare and deliver to the VA graphed trends of all control loops 

to demonstrate that each control loop is stable and  the set 

points are maintained.  
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i. Demonstrate that each control loop responds to s et point 

adjustment and stabilizes within one (1) minute. Co ntrol loop 

trend data shall be instantaneous and the time betw een data 

points shall not be greater than one (1) minute.  

5. Witnessed demonstration of ECC functions shall c onsist of: 

a. Running each specified report. 

b. Display and demonstrate each data entry to show site specific 

customizing capability.  Demonstrate parameter chan ges. 

c. Step through penetration tree, display all graph ics, demonstrate 

dynamic update, and direct access to graphics. 

d. Execute digital and analog commands in graphic m ode. 

e. Demonstrate DDC loop precision and stability via  trend logs of 

inputs and outputs (6 loops minimum). 

f. Demonstrate EMS performance via trend logs and c ommand trace. 

g. Demonstrate scan, update, and alarm responsivene ss. 

h. Demonstrate spreadsheet/curve plot software, and  its integration 

with database. 

i. Demonstrate on-line user guide, and help functio n and mail 

facility. 

j. Demonstrate digital system configuration graphic s with 

interactive upline and downline load, and demonstra te specified 

diagnostics. 

k. Demonstrate multitasking by showing dynamic curv e plot, and 

graphic construction operating simultaneously via s plit screen. 

l. Demonstrate class programming with point options  of beep 

duration, beep rate, alarm archiving, and color ban ding. 

----- END ----- 
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SECTION 23 31 00  
HVAC DUCTS AND CASINGS  

 
PART 1 - GENERAL  

1.1 DESCRIPTION  

A. Ductwork and accessories for HVAC including the following:  

1. Supply air, return air, outside air, exhaust, ma ke-up air, and relief 

systems.  

B. Definitions:  

1. SMACNA Standards as used in this specification m eans the HVAC Duct 

Construction Standards, Metal and Flexible.  

2. Seal or Sealing: Use of liquid or mastic sealant , with or without 

compatible tape overlay, or gasketing of flanged jo ints, to keep air 

leakage at duct joints, seams and connections to an  acceptable 

minimum.  

3. Duct Pressure Classification: SMACNA HVAC Duct C onstruction 

Standards, Metal and Flexible.  

4. Exposed Duct: Exposed to view in a finished room . 

1.2 1.3 QUALITY ASSURANCE  

A. Refer to article, QUALITY ASSURANCE, in Section 23 05 11, COMMON WORK 

RESULTS FOR HVAC and STEAM GENERATION.  

B. Fire Safety Code: Comply with NFPA 90A.  

C. Duct System Construction and Installation: Refer enced SMACNA Standards 

are the minimum acceptable quality. 

D. Duct Sealing, Air Leakage Criteria, and Air Leak age Tests: Ducts shall 

be sealed as per duct sealing requirements of SMACN A HVAC Air Duct 

Leakage Test Manual for duct pressure classes shown  on the drawings. 

E. Duct accessories exposed to the air stream, such  as dampers of all types 

(except smoke dampers) and access openings, shall b e of the same 

material as the duct or provide at least the same l evel of corrosion 

resistance.  

1.4 SUBMITTALS  

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT DATA, 

and SAMPLES.  

B. Manufacturer's Literature and Data:  

1. Rectangular ducts:  
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a. Schedules of duct systems, materials and selecte d SMACNA 

construction alternatives for joints, sealing, gage  and 

reinforcement.  

b. Duct liner.  

c. Sealants and gaskets.  

d. Access doors.  

2. Round and flat oval duct construction details:  

a. Manufacturer's details for duct fittings.  

b. Duct liner.  

c. Sealants and gaskets.  

d. Access sections.  

e. Installation instructions.  

3. Volume dampers, back draft dampers.  

4. Upper hanger attachments.  

5. Fire dampers, fire doors, and smoke dampers with  installation 

instructions. 

6. Sound attenuators, including pressure drop and a coustic performance.  

7. Flexible ducts and clamps, with manufacturer's i nstallation 

instructions.  

8. Flexible connections.  

9. Instrument test fittings.  

10 Details and design analysis of alternate or opti onal duct systems.  

11 COMMON WORK RESULTS FOR HVAC and STEAM GENERATION.  

 

1.5 APPLICABLE PUBLICATIONS  

A. The publications listed below form a part of thi s specification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only.  

B. American Society of Civil Engineers (ASCE): 

ASCE7-05................Minimum Design Loads for Bu ildings and Other 

Structures  

C. American Society for Testing and Materials (ASTM ):  

A167-99(2009)...........Standard Specification for Stainless and 

Heat-Resisting Chromium-Nickel Steel Plate, 

Sheet, and Strip  

A653-09.................Standard Specification for Steel Sheet, 

Zinc-Coated (Galvanized) or Zinc-Iron Alloy 

coated (Galvannealed) by the Hot-Dip process 
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A1011-09a...............Standard Specification for Steel, Sheet and 

Strip, Hot rolled, Carbon, structural, High-

Strength Low-Alloy, High Strength Low-Alloy with 

Improved Formability, and Ultra-High Strength 

B209-07.................Standard Specification for Aluminum and 

Aluminum-Alloy Sheet and Plate 

C1071-05e1..............Standard Specification for Fibrous Glass Duct 

Lining Insulation (Thermal and Sound Absorbing 

Material) 

E84-09a.................Standard Test Method for Su rface Burning 

Characteristics of Building Materials 

D. National Fire Protection Association (NFPA):  

90A-09..................Standard for the Installati on of Air 

Conditioning and Ventilating Systems  

96-08...................Standard for Ventilation Co ntrol and Fire 

Protection of Commercial Cooking Operations 

E. Sheet Metal and Air Conditioning Contractors Nat ional Association 

(SMACNA):  

2nd Edition – 2005......HVAC Duct Construction Stan dards, Metal and    

Flexible  

1st Edition - 1985......HVAC Air Duct Leakage Test Manual  

6th Edition – 2003......Fibrous Glass Duct Construc tion Standards  

F. Underwriters Laboratories, Inc. (UL):  

181-08..................Factory-Made Air Ducts and Air Connectors  

555-06 .................Standard for Fire Dampers  

555S-06 ................Standard for Smoke Dampers 

PART 2 - PRODUCTS  

 
2.1 DUCT MATERIALS AND SEALANTS  

A. General: Except for systems specified otherwise,  construct ducts, 

casings, and accessories of galvanized sheet steel,  ASTM A653, coating 

G90; or, aluminum sheet, ASTM B209, alloy 1100, 300 3 or 5052. 

B. Specified Corrosion Resistant Systems: Stainless  steel sheet, ASTM A167, 

Class 302 or 304, Condition A (annealed) Finish No.  4 for exposed ducts 

and Finish No. 2B for concealed duct or ducts locat ed in mechanical 

rooms. 

C. Optional Duct Materials:  
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1. Grease Duct: Double wall factory-built grease du ct, UL labeled and 

complying with NFPA 96 may be furnished in lieu of specified 

materials for kitchen and grill hood exhaust duct. Installation and 

accessories shall comply with the manufacturers cat alog data. Outer 

jacket of exposed ductwork shall be stainless steel . Square and 

rectangular duct shown on the drawings will have to  be converted to 

equivalent round size. 

D. Joint Sealing: Refer to SMACNA HVAC Duct Constru ction Standards, 

paragraph S1.9.  

1. Sealant: Elastomeric compound, gun or brush grad e, maximum 25 flame 

spread and 50 smoke developed (dry state) compounde d specifically for 

sealing ductwork as recommended by the manufacturer . Generally 

provide liquid sealant, with or without compatible tape, for low 

clearance slip joints and heavy, permanently elasti c, mastic type 

where clearances are larger. Oil base caulking and glazing compounds 

are not acceptable because they do not retain elast icity and bond.  

2. Tape: Use only tape specifically designated by t he sealant 

manufacturer and apply only over wet sealant. Press ure sensitive tape 

shall not be used on bare metal or on dry sealant.  

3. Gaskets in Flanged Joints: Soft neoprene.  

E. Approved factory made joints may be used.  

2.2 DUCT CONSTRUCTION AND INSTALLATION  

A. Regardless of the pressure classifications outli ned in the SMACNA 

Standards, fabricate and seal the ductwork in accor dance with the 

following pressure classifications:   

B. Duct Pressure Classification:  

 Outdoor air intake:  0 to 50 mm (2 inch) 

C. Seal Class: All ductwork shall receive Class A S eal 

 
D. Operating Room/Cystoscopy Room Supply Air:  All supply air ductwork on 

the downstream side of the terminal final HEPA filt er serving an 

operating room or cystoscopy room shall be fabricat ed from welded 

stainless steel, including all components of the ai r distribution system 

up to and including the supply air outlet. 

E. Wet Air Exhaust Ducts and Accessories: Ducts for  dishwashers, scullery 

hood, cart washers, manual cart washers, cage washe rs, steam sterilizer 

hoods and orthotics hoods shall be 1.3 mm (18 gage)  stainless steel made 

liquid tight with continuous external weld for all seams and joints. 
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Provide neoprene gaskets at flanged connections. Wh ere ducts are not 

self draining back to the equipment, provide low po int drain pocket with 

copper drain pipe to sanitary sewer. Provide access  door in side of duct 

at drain pockets.  

 
G. Round and Flat Oval Ducts: Furnish duct and fitt ings made by the same 

manufacturer to insure good fit of slip joints. Whe n submitted and 

approved in advance, round and flat oval duct, with  size converted on 

the basis of equal pressure drop, may be furnished in lieu of 

rectangular duct design shown on the drawings.  

1. Elbows: Diameters 80 through 200 mm (3 through 8  inches) shall be two 

sections die stamped, all others shall be gored con struction, maximum 

18 degree angle, with all seams continuously welded  or standing seam. 

Coat galvanized areas of fittings damaged by weldin g with corrosion 

resistant aluminum paint or galvanized repair compo und. 

2. Provide bell mouth, conical tees or taps, latera ls, reducers, and 

other low loss fittings as shown in SMACNA HVAC Duc t Construction 

Standards.  

3. Ribbed Duct Option: Lighter gage round/oval duct  and fittings may be 

furnished provided certified tests indicating that the rigidity and 

performance is equivalent to SMACNA standard gage d ucts are 

submitted.  

a. Ducts: Manufacturer's published standard gage, G 90 coating, spiral 

lock seam construction with an intermediate standin g rib. 

b. Fittings: May be manufacturer's standard as show n in published 

catalogs, fabricated by spot welding and bonding wi th neoprene 

base cement or machine formed seam in lieu of conti nuous welded 

seams.  

4. Provide flat side reinforcement of oval ducts as  recommended by the 

manufacturer and SMACNA HVAC Duct Construction Stan dard S3.13. 

Because of high pressure loss, do not use internal tie-rod 

reinforcement unless approved by the Resident Engin eer.  

O. Casings and Plenums: Construct in accordance wit h SMACNA HVAC Duct 

Construction Standards Section 6, including curbs, access doors, pipe 

penetrations, eliminators and drain pans. Access do ors shall be hollow 

metal, insulated, with latches and door pulls, 500 mm (20 inches) wide 

by 1200 - 1350 mm (48 - 54 inches) high. Provide vi ew port in the doors 

where shown. Provide drain for outside air louver p lenum. Outside air 
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plenum shall have exterior insulation. Drain piping  shall be routed to 

the nearest floor drain. 

P. Volume Dampers: Single blade or opposed blade, m ulti-louver type as 

detailed in SMACNA Standards. Refer to SMACNA Detai l Figure 2-12 for 

Single Blade and Figure 2.13 for Multi-blade Volume  Dampers.  

Q. Duct Hangers and Supports: Refer to SMACNA Stand ards Section IV. Avoid 

use of trapeze hangers for round duct.  

2.4 DUCT ACCESS DOORS, PANELS AND SECTIONS  

A. Provide access doors, sized and located for main tenance work, upstream, 

in the following locations:  

1. Each duct mounted coil and humidifier.  

2. Each fire damper (for link service), smoke dampe r and automatic 

control damper. 

3. Each duct mounted smoke detector.  

4. For cleaning operating room supply air duct and kitchen hood exhaust 

duct, locate access doors at 6 m (20 feet) interval s and at each 

change in duct direction.  

B. Openings shall be as large as feasible in small ducts, 300 mm by 300 mm 

(12 inch by 12 inch) minimum where possible. Access  sections in 

insulated ducts shall be double-wall, insulated. Tr ansparent 

shatterproof covers are preferred for uninsulated d ucts.  

1. For rectangular ducts: Refer to SMACNA HVAC Duct  Construction 

Standards (Figure 2-12).  

2. For round and flat oval duct: Refer to SMACNA HV AC duct Construction 

Standards (Figure 2-11).  

2.5 2.10 FLEXIBLE DUCT CONNECTIONS  

 Where duct connections are made to fans, air termi nal units, and air 

handling units, install a non-combustible flexible connection of 822 g 

(29 ounce) neoprene coated fiberglass fabric approx imately 150 mm (6 

inches) wide. For connections exposed to sun and we ather provide hypalon 

coating in lieu of neoprene. Burning characteristic s shall conform to 

NFPA 90A. Securely fasten flexible connections to r ound ducts with 

stainless steel or zinc-coated iron draw bands with  worm gear fastener. 

For rectangular connections, crimp fabric to sheet metal and fasten 

sheet metal to ducts by screws 50 mm (2 inches) on center. Fabric shall 

not be stressed other than by air pressure. Allow a t least 25 mm (one 

inch) slack to insure that no vibration is transmit ted.  
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2.13 FIRESTOPPING MATERIAL 

2.15 DUCT MOUNTED THERMOMETER (AIR)  

A. Stem Type Thermometers: ASTM E1, 7 inch scale, r ed appearing mercury, 

lens front tube, cast aluminum case with enamel fin ish and clear glass 

or polycarbonate window, brass stem, 2 percent of s cale accuracy to ASTM 

E77 scale calibrated in degrees Fahrenheit.  

B. Thermometer Supports: 

1. Socket: Brass separable sockets for thermometer stems with or without 

extensions as required, and with cap and chain. 

2. Flange: 3 inch outside diameter reversible flang e, designed to fasten 

to sheet metal air ducts, with brass perforated ste m. 

2.16 DUCT MOUNTED TEMPERATURE SENSOR (AIR)  

 Refer to Section 23 09 23, DIRECT-DIGITAL CONTROL SYSTEM FOR HVAC.  

2.17 INSTRUMENT TEST FITTINGS  

A. Manufactured type with a minimum 50 mm (two inch ) length for insulated 

duct, and a minimum 25 mm (one inch) length for duc t not insulated. Test 

hole shall have a flat gasket for rectangular ducts  and a concave gasket 

for round ducts at the base, and a screw cap to pre vent air leakage.  

B. Provide instrument test holes at each duct or ca sing mounted temperature 

sensor or transmitter, and at entering and leaving side of each heating 

coil, cooling coil, and heat recovery unit.  

PART 3 - EXECUTION 

3.1 INSTALLATION  

A. Comply with provisions of Section 23 05 11, COMM ON WORK RESULTS FOR HVAC 

and STEAM GENERATION, particularly regarding coordi nation with other 

trades and work in existing buildings.  

B. Fabricate and install ductwork and accessories i n accordance with 

referenced SMACNA Standards:  

1. Drawings show the general layout of ductwork and  accessories but do 

not show all required fittings and offsets that may  be necessary to 

connect ducts to equipment, boxes, diffusers, grill es, etc., and to 

coordinate with other trades. Fabricate ductwork ba sed on field 

measurements. Provide all necessary fittings and of fsets at no 

additional cost to the government. Coordinate with other trades for 

space available and relative location of HVAC equip ment and 

accessories on ceiling grid. Duct sizes on the draw ings are inside 

dimensions which shall be altered by Contractor to other dimensions 
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with the same air handling characteristics where ne cessary to avoid 

interferences and clearance difficulties.  

2. Provide duct transitions, offsets and connection s to dampers, coils, 

and other equipment in accordance with SMACNA Stand ards, Section II. 

Provide streamliner, when an obstruction cannot be avoided and must 

be taken in by a duct. Repair galvanized areas with  galvanizing 

repair compound.  

3. Provide bolted construction and tie-rod reinforc ement in accordance 

with SMACNA Standards.  

4. Construct casings, eliminators, and pipe penetra tions in accordance 

with SMACNA Standards, Chapter 6. Design casing acc ess doors to swing 

against air pressure so that pressure helps to main tain a tight seal.  

C. Install duct hangers and supports in accordance with SMACNA Standards, 

Chapter 4.  

D. Install fire dampers, smoke dampers and combinat ion fire/smoke dampers 

in accordance with the manufacturer's instructions to conform to the 

installation used for the rating test. Install fire  dampers, smoke 

dampers and combination fire/smoke dampers at locat ions indicated and 

where ducts penetrate fire rated and/or smoke rated  walls, shafts and 

where required by the Resident Engineer.  Install w ith required 

perimeter mounting angles, sleeves, breakaway duct connections, 

corrosion resistant springs, bearings, bushings and  hinges per UL and 

NFPA.  Demonstrate re-setting of fire dampers and o peration of smoke 

dampers to the Resident Engineer. 

E. Seal openings around duct penetrations of floors  and fire rated 

partitions with fire stop material as required by N FPA 90A.  

F. Flexible duct installation: Refer to SMACNA Stan dards, Chapter 3. Ducts 

shall be continuous, single pieces not over 1.5 m ( 5 feet) long (NFPA 

90A), as straight and short as feasible, adequately  supported. 

Centerline radius of bends shall be not less than t wo duct diameters. 

Make connections with clamps as recommended by SMAC NA. Clamp per SMACNA 

with one clamp on the core duct and one on the insu lation jacket. 

Flexible ducts shall not penetrate floors, or any c hase or partition 

designated as a fire or smoke barrier, including co rridor partitions 

fire rated one hour or two hour. Support ducts SMAC NA Standards.  

G. Where diffusers, registers and grilles cannot be  installed to avoid 

seeing inside the duct, paint the inside of the duc t with flat black 

paint to reduce visibility.  
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H. Control Damper Installation:  

1. Provide necessary blank-off plates required to i nstall dampers that 

are smaller than duct size. Provide necessary trans itions required to 

install dampers larger than duct size.  

2. Assemble multiple sections dampers with required  interconnecting 

linkage and extend required number of shafts throug h duct for 

external mounting of damper motors.  

3. Provide necessary sheet metal baffle plates to e liminate 

stratification and provide air volumes specified. L ocate baffles by 

experimentation, and affix and seal permanently in place, only after 

stratification problem has been eliminated.  

4. Install all damper control/adjustment devices on  stand-offs to allow 

complete coverage of insulation. 

I. Air Flow Measuring Devices (AFMD): Install units  with minimum straight 

run distances, upstream and downstream as recommend ed by the 

manufacturer.  

J. Low Pressure Duct Liner: Install in accordance w ith SMACNA, Duct Liner 

Application Standard.  

K. Protection and Cleaning: Adequately protect equi pment and materials 

against physical damage. Place equipment in first c lass operating 

condition, or return to source of supply for repair  or replacement, as 

determined by Resident Engineer. Protect equipment and ducts during 

construction against entry of foreign matter to the  inside and clean 

both inside and outside before operation and painti ng. When new ducts 

are connected to existing ductwork, clean both new and existing ductwork 

by mopping and vacuum cleaning inside and outside b efore operation.  

 
3.3 DUCTWORK EXPOSED TO WIND VELOCITY  

 Provide additional support and bracing to all expo sed ductwork installed 

on the roof or outside the building to withstand wi nd velocity of 145 

km/h (90mph).  

 
3.4 TESTING, ADJUSTING AND BALANCING (TAB) 

 Refer to Section 23 05 93, TESTING, ADJUSTING, and  BALANCING FOR HVAC. 

3.5 OPERATING AND PERFORMANCE TESTS 

 Refer to Section 23 05 11, COMMON WORK RESULTS FOR  HVAC and STEAM 

GENERATION 

- - - E N D - - - 
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SECTION 23 34 00 
HVAC FANS 

 
PART 1 - GENERAL 

1.1 DESCRIPTION 

A. Fans for heating, ventilating and air conditioni ng. 

B. Product Definitions: AMCA Publication 99, Standa rd l-66. 

1.2 QUALITY ASSURANCE  

A. Refer to paragraph, QUALITY ASSURANCE, in Sectio n 23 05 11, COMMON WORK 

RESULTS FOR HVAC AND STEAM GENERATION. 

B. Fans and power ventilators shall be listed in th e current edition of 

AMCA 26l, and shall bear the AMCA performance seal.  

C. Operating Limits for Centrifugal Fans: AMCA 99 ( Class I, II, and III).  

D. Fans and power ventilators shall comply with the  following standards: 

l. Testing and Rating: AMCA 2l0. 

2. Sound Rating: AMCA 300. 

E. Performance Criteria: 

l. The fan schedule shall show the design air volum e and static 

pressure.  Select the fan motor HP by increasing th e fan BHP by 10 

percent to account for the drive losses and field c onditions.   

2. Select the fan operating point as follows: 

a.  Forward Curve and Axial Flow Fans:  Right hand side  of peak 

pressure point 

b.  Air Foil, Backward Inclined, or Tubular: At or near  the peak 

static efficiency 

F. Safety Criteria: Provide manufacturer's standard  screen on fan inlet and 

discharge where exposed to operating and maintenanc e personnel. 

G. Corrosion Protection: 

1. Except for fans in fume hood exhaust service, al l steel shall be 

mill-galvanized, or phosphatized and coated with mi nimum two coats, 

corrosion resistant enamel paint. Manufacturers pai nt and paint 

system shall meet the minimum specifications of: AS TM D1735 water 

fog; ASTM B117 salt spray; ASTM D3359 adhesion; and  ASTM G152 and 

G153 for carbon arc light apparatus for exposure of  non-metallic 

material.  

2. Fans for general purpose fume hoods, or chemical  hoods, and 

radioisotope hoods shall be constructed of material s compatible with 

the chemicals being transported in the air through the fan.  
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H. Spark resistant construction: If flammable gas, vapor or combustible 

dust is present in concentrations above 20% of the Lower Explosive Limit 

(LEL), the fan construction shall be as recommended  by AMCA's 

Classification for Spark Resistant Construction.  D rive set shall be 

comprised of non-static belts for use in an explosi ve. 

1.3 SUBMITTALS 

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT DATA, 

and SAMPLES. 

B. Manufacturers Literature and Data: 

l. Fan sections, motors and drives. 

2. Centrifugal fans, motors, drives, accessories an d coatings. 

a. In-line centrifugal fans. 

b. Tubular Centrifugal Fans. 

c. Up-blast kitchen hood exhaust fans. 

d. Industrial fans. 

e. Utility fans and vent sets. 

3. Prefabricated roof curbs. 

4. Power roof and wall ventilators. 

5. Centrifugal ceiling fans. 

6. Propeller fans. 

7. Packaged hood make-up air units. 

8. Vane axial fans. 

9. Tube-axial fans. 

10. Air curtain units. 

C. Certified Sound power levels for each fan. 

D. Motor ratings types, electrical characteristics and accessories. 

E. Roof curbs. 

F. Belt guards. 

G. Maintenance and Operating manuals in accordance with Section 01 00 00, 

GENERAL REQUIREMENTS. 

H. Certified fan performance curves for each fan sh owing cubic feet per 

minute (CFM) versus static pressure, efficiency, an d horsepower for 

design point of operation.  

1.4 APPLICABLE PUBLICATIONS 

A. The publications listed below form a part of thi s specification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only. 

B. Air Movement and Control Association Internation al, Inc. (AMCA): 
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99-86...................Standards Handbook 

2l0-06..................Laboratory Methods of Testi ng Fans for 

Aerodynamic Performance Rating 

26l-09..................Directory of Products Licen sed to bear the AMCA 

Certified Ratings Seal - Published Annually  

300-08..................Reverberant Room Method for  Sound Testing of 

Fans 

C. American Society for Testing and Materials (ASTM ): 

B117-07a................Standard Practice for Opera ting Salt Spray (Fog) 

Apparatus 

D1735-08................Standard Practice for Testi ng Water Resistance 

of Coatings Using Water Fog Apparatus 

D3359-08................Standard Test Methods for M easuring Adhesion by 

Tape Test 

G152-06.................Standard Practice for Opera ting Open Flame 

Carbon Arc Light Apparatus for Exposure of Non-

Metallic Materials 

G153-04.................Standard Practice for Opera ting Enclosed Carbon 

Arc Light Apparatus for Exposure of Non-Metallic 

Materials 

D. National Fire Protection Association (NFPA): 

NFPA 96-08..............Standard for Ventilation Co ntrol and Fire 

Protection of Commercial Cooking Operations 

E. National Sanitation Foundation (NSF): 

37-07...................Air Curtains for Entrance W ays in Food and Food 

Service Establishments 

F. Underwriters Laboratories, Inc. (UL): 

181-2005................Factory Made Air Ducts and Air Connectors 

1.5 EXTRA MATERIALS 

A. Provide one additional set of belts for all belt -driven fans. 

PART 2 - PRODUCTS 

2.1 PROPELLER FANS 

A. Standards and Performance Criteria: Refer to Par agraph, QUALITY 

ASSURANCE. 

B. Belt-driven or direct-driven fans as indicated o n drawings. 

C. Square steel panel, deep drawn venturi, arc weld ed to support arms and 

fan/motor support brackets, baked enamel finish. Pr ovide wall collar for 

thru-wall installations. 
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D. Motor, Motor Base and Drive: Refer to Section 23  05 11, COMMON WORK 

RESULTS FOR HVAC AND STEAM GENERATION.  Motor shall  be totally enclosed 

type. 

  E. Wall Shutter: Fan manufacturer's standard, ste el frame, aluminum blades, 

heavy duty stall type electric damper motor, spring  closed.  

F. Wire Safety Guards: Provide on exposed inlet and  outlet. 

 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install fan, motor and drive in accordance with manufacturer's 

instructions. 

B. Align fan and motor sheaves to allow belts to ru n true and straight. 

C. Bolt equipment to curbs with galvanized lag bolt s. 

 

3.2 PRE-OPERATION MAINTENANCE  

A. Lubricate bearings, pulleys, belts and other mov ing parts with 

manufacturer recommended lubricants. 

B. Rotate impeller by hand and check for shifting d uring shipment and check 

all bolts, collars, and other parts for tightness. 

C. Clean fan interiors to remove foreign material a nd construction dirt and 

dust. 

3.3 START-UP AND INSTRUCTIONS 

A. Verify operation of motor, drive system and fan wheel according to the 

drawings and specifications. 

B. Check vibration and correct as necessary for air  balance work. 

 

- - - E N D - - - 
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SECTION 23 82 00 
CONVECTION HEATING AND COOLING UNITS 

PART 1 - GENERAL  

1.1 DESCRIPTION  

 Induction units, fan-coil units, radiant ceiling p anels (for 

bathrooms), unit heaters, cabinet unit heaters, con vectors and finned-

tube radiation 

1.3 QUALITY ASSURANCE  

 Refer to Paragraph, QUALITY ASSURANCE, in Section 23 05 11, COMMON WORK 

RESULTS FOR HVAC.  

1.4 SUBMITTALS  

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT 

DATA, and SAMPLES. 

B. Manufacturer's Literature and Data:  

1. Induction units.  

2. Fan-Coil units.  

3. Unit heaters.  

4. Cabinet unit heaters.  

5. Convectors.  

6. Finned-tube radiation.  

7. Radiant ceiling panels.  

C. Certificates:  

1. Compliance with paragraph, QUALITY ASSURANCE.  

2. Compliance with specified standards.  

D. Operation and Maintenance Manuals: Submit in acc ordance with paragraph, 

INSTRUCTIONS, in Section 01 00 00, GENERAL REQUIREM ENTS. 

E. Completed System Readiness Checklists provided b y the Commissioning 

Agent and completed by the contractor, signed by a qualified technician 

and dated on the date of completion, in accordance with the 

requirements of Section 23 08 00 COMMISSIONING OF H VAC SYSTEMS. 

1.5 APPLICABLE PUBLICATIONS  

A. The publications listed below form a part of thi s specification to the 

extent referenced. The publications are referenced in the text by the 

basic designation only.   
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B. American National Standards Institute / Air Cond itioning, Heating and 

Refrigeration Institute (ANSI/AHRI):  

440-08..................Performance Rating of Room Fan Coils  

National Fire Protection Association (NFPA): 

90A-09..................Standard for the Installati on of Air 

Conditioning and Ventilating Systems 

70-11...................National Electrical Code  

C. Underwriters Laboratories, Inc. (UL):  

181-08..................Standard for Factory-Made A ir Ducts and Air 

Connectors  

1995-05.................Heating and Cooling Equipme nt  

1.6 GUARANTY  

 In accordance with FAR clause 52.246-21  

PART 2 - PRODUCTS  

2.1 UNIT HEATERS  

A. General: Horizontal discharge type for steam, el ectric heating medium, 

as indicated.  

B. Casing: Steel sheet, phosphatized to resist rust  and finished in baked 

enamel. Provide hanger supports.  

C. Fan: Propeller type, direct driven by manufactur er's standard electric 

motor. Provide resilient mounting. Provide fan guar d for horizontal 

discharge units.  

D. Discharge Air Control: 

1. Horizontal discharge: Horizontal, adjustable lou vers.  

F. Electric Units: UL listed, factory wired to term inal strips for field 

connection of power and control wiring.  

1. Heating elements: Nickel chromium alloy resistan ce wire embedded in 

a magnesium oxide insulating refractory and sealed in corrosion 

resisting metallic sheath with fins. Three phase he aters shall have 

balanced phases. 

2. Thermal cutout: Manual reset type, which disconn ects elements, and 

motor in the event normal operating temperatures ar e exceeded.  

3. Magnetic contactor: Factory installed with low v oltage relay for 

remote pilot duty thermostat operation.  
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G. Controls: Field installed remote wall mounted sp ace temperature sensor 

provided by temperature control contractor.     

 

       

PART 3 - EXECUTION  

3.1 INSTALLATION  

A. Work shall be installed as shown and according t o the manufacturer’s 

diagrams and recommendations. 

B. Handle and install units in accordance with manu facturer's written 

instructions.  

C. Support units rigidly so they remain stationary at all times. 

Cross-bracing or other means of stiffening shall be  provided as 

necessary. Method of support shall be such that dis tortion and 

malfunction of units cannot occur. 

D. Install fiberglass blanket insulation with a min imum R value of 8 above 

hydronic radiant panels. 

3.2 OPERATIONAL TEST  

 Refer to Section 23 05 11, COMMON WORK RESULTS FOR  HVAC. 

3.3 STARTUP AND TESTING  

A. The Commissioning Agent will observe startup and  contractor testing of 

selected equipment. Coordinate the startup and cont ractor testing 

schedules with the Resident Engineer and Commission ing Agent. Provide a 

minimum of 7 days prior notice. 

3.4 DEMONSTRATION AND TRAINING  

A. Provide services of manufacturer’s technical rep resentative for four 

hours to instruct VA personnel in operation and mai ntenance of units. 

 

- - - E N D - - - 
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SECTION 26 05 11 
REQUIREMENTS FOR ELECTRICAL INSTALLATIONS  

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. This section applies to all sections of Division  26. 

B. Furnish and install electrical wiring, systems, equipment and 

accessories in accordance with the specifications a nd drawings.  

Capacities and ratings of motors, transformers, cab le, switchboards, 

switchgear, panelboards, motor control centers, gen erators, automatic 

transfer switches, and other items and arrangements  for the specified 

items are shown on drawings. 

C. Electrical service entrance equipment and arrang ements for temporary and 

permanent connections to the utility’s system shall  conform to the 

utility's requirements. Coordinate fuses, circuit b reakers and relays 

with the utility’s system, and obtain utility appro val for sizes and 

settings of these devices. 

D. Wiring ampacities specified or shown on the draw ings are based on copper 

conductors, with the conduit and raceways according ly sized. Aluminum 

conductors are prohibited. 

1.2 MINIMUM REQUIREMENTS 

A. References to the International Building Code (I BC), National Electrical 

Code (NEC), Underwriters Laboratories, Inc. (UL) an d National Fire 

Protection Association (NFPA) are minimum installat ion requirement 

standards. 

B. Drawings and other specification sections shall govern in those 

instances where requirements are greater than those  specified in the 

above standards. 

1.3 TEST STANDARDS 

A. All materials and equipment shall be listed, lab eled or certified by a 

nationally recognized testing laboratory to meet Un derwriters 

Laboratories, Inc., standards where test standards have been 

established. Equipment and materials which are not covered by UL 

Standards will be accepted provided equipment and m aterial is listed, 

labeled, certified or otherwise determined to meet safety requirements 

of a nationally recognized testing laboratory. Equi pment of a class 

which no nationally recognized testing laboratory a ccepts, certifies, 

lists, labels, or determines to be safe, will be co nsidered if inspected 

or tested in accordance with national industrial st andards, such as 
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NEMA, or ANSI. Evidence of compliance shall include  certified test 

reports and definitive shop drawings. 

B. Definitions: 

1. Listed; Equipment, materials, or services includ ed in a list 

published by an organization that is acceptable to the authority 

having jurisdiction and concerned with evaluation o f products or 

services, that maintains periodic inspection of pro duction or listed 

equipment or materials or periodic evaluation of se rvices, and whose 

listing states that the equipment, material, or ser vices either meets 

appropriate designated standards or has been tested  and found 

suitable for a specified purpose. 

2. Labeled; Equipment or materials to which has bee n attached a label, 

symbol, or other identifying mark of an organizatio n that is 

acceptable to the authority having jurisdiction and  concerned with 

product evaluation, that maintains periodic inspect ion of production 

of labeled equipment or materials, and by whose lab eling the 

manufacturer indicates compliance with appropriate standards or 

performance in a specified manner. 

3. Certified; equipment or product which: 

a. Has been tested and found by a nationally recogn ized testing 

laboratory to meet nationally recognized standards or to be safe 

for use in a specified manner. 

b. Production of equipment or product is periodical ly inspected by a 

nationally recognized testing laboratory. 

c. Bears a label, tag, or other record of certifica tion. 

4. Nationally recognized testing laboratory; labora tory which is 

approved, in accordance with OSHA regulations, by t he Secretary of 

Labor. 

1.4 QUALIFICATIONS (PRODUCTS AND SERVICES)  

A. Manufacturers Qualifications: The manufacturer s hall regularly and 

presently produce, as one of the manufacturer's pri ncipal products, the 

equipment and material specified for this project, and shall have 

manufactured the item for at least three years. 

B. Product Qualification: 

1. Manufacturer's product shall have been in satisf actory operation, on 

three installations of similar size and type as thi s project, for 

approximately three years. 
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2. The Government reserves the right to require the  Contractor to submit 

a list of installations where the products have bee n in operation 

before approval. 

C. Service Qualifications: There shall be a permane nt service organization 

maintained or trained by the manufacturer which wil l render satisfactory 

service to this installation within eight hours of receipt of 

notification that service is needed. Submit name an d address of service 

organizations. 

1.5 APPLICABLE PUBLICATIONS 

A. Applicable publications listed in all Sections o f Division are the 

latest issue, unless otherwise noted. 

1.6 MANUFACTURED PRODUCTS 

A. Materials and equipment furnished shall be of cu rrent production by 

manufacturers regularly engaged in the manufacture of such items, for 

which replacement parts shall be available. 

B. When more than one unit of the same class or typ e of equipment is 

required, such units shall be the product of a sing le manufacturer. 

C. Equipment Assemblies and Components: 

1. Components of an assembled unit need not be prod ucts of the same 

manufacturer. 

2. Manufacturers of equipment assemblies, which inc lude components made 

by others, shall assume complete responsibility for  the final 

assembled unit. 

3. Components shall be compatible with each other a nd with the total 

assembly for the intended service. 

4. Constituent parts which are similar shall be the  product of a single 

manufacturer. 

D. Factory wiring shall be identified on the equipm ent being furnished and 

on all wiring diagrams. 

 

 

 

 

E. When Factory Testing Is Specified: 

1. The Government shall have the option of witnessi ng factory tests. The 

contractor shall notify the VA through the Resident  Engineer a 

minimum of 15 working days prior to the manufacture rs making the 

factory tests. 
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2. Four copies of certified test reports containing  all test data shall 

be furnished to the Resident Engineer prior to fina l inspection and 

not more than 90 days after completion of the tests . 

3. When equipment fails to meet factory test and re -inspection is 

required, the contractor shall be liable for all ad ditional expenses, 

including expenses of the Government. 

1.7 EQUIPMENT REQUIREMENTS 

A. Where variations from the contract requirements are requested in 

accordance with Section 00 72 00, GENERAL CONDITION S and Section 01 33 

23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES, the c onnecting work and 

related components shall include, but not be limite d to additions or 

changes to branch circuits, circuit protective devi ces, conduits, wire, 

feeders, controls, panels and installation methods.  

1.8 EQUIPMENT PROTECTION 

A. Equipment and materials shall be protected durin g shipment and storage 

against physical damage, vermin, dirt, corrosive su bstances, fumes, 

moisture, cold and rain. 

1. Store equipment indoors in clean dry space with uniform temperature 

to prevent condensation.  Equipment shall include b ut not be limited 

to switchgear, switchboards, panelboards, transform ers, motor control 

centers, motor controllers, uninterruptible power s ystems, 

enclosures, controllers, circuit protective devices , cables, wire, 

light fixtures, electronic equipment, and accessori es. 

2. During installation, equipment shall be protecte d against entry of 

foreign matter; and be vacuum-cleaned both inside a nd outside before 

testing and operating.  Compressed air shall not be  used to clean 

equipment.  Remove loose packing and flammable mate rials from inside 

equipment. 

3. Damaged equipment shall be, as determined by the  Resident Engineer, 

placed in first class operating condition or be ret urned to the 

source of supply for repair or replacement. 

4. Painted surfaces shall be protected with factory  installed removable 

heavy kraft paper, sheet vinyl or equal. 

5. Damaged paint on equipment and materials shall b e refinished with the 

same quality of paint and workmanship as used by th e manufacturer so 

repaired areas are not obvious. 
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1.9 WORK PERFORMANCE 

A. All electrical work must comply with the require ments of NFPA 70 (NEC), 

NFPA 70B, NFPA 70E, OSHA Part 1910 subpart J, OSHA Part 1910 subpart S 

and OSHA Part 1910 subpart K in addition to other r eferences required by 

contract. 

B. Job site safety and worker safety is the respons ibility of the 

contractor. 

C. Electrical work shall be accomplished with all a ffected circuits or 

equipment de-energized. When an electrical outage c annot be accomplished 

in this manner for the required work, the following  requirements are 

mandatory: 

1. Electricians must use full protective equipment (i.e., certified and 

tested insulating material to cover exposed energiz ed electrical 

components, certified and tested insulated tools, e tc.) while working 

on energized systems in accordance with NFPA 70E. 

2. Electricians must wear personal protective equip ment while working on 

energized systems in accordance with NFPA 70E. 

3. Before initiating any work, a job specific work plan must be 

developed by the contractor with a peer review cond ucted and 

documented by the Resident Engineer and Medical Cen ter staff. The 

work plan must include procedures to be used on and  near the live 

electrical equipment, barriers to be installed, saf ety equipment to 

be used and exit pathways. 

4. Work on energized circuits or equipment cannot b egin until prior 

written approval is obtained from the Resident Engi neer. 

D. For work on existing stations, arrange, phase an d perform work to assure 

electrical service for other buildings at all times . Refer to Article 

OPERATIONS AND STORAGE AREAS under Section 01 00 00 , GENERAL 

REQUIREMENTS. 

 

 

E. New work shall be installed and connected to exi sting work neatly, 

safely and professionally. Disturbed or damaged wor k shall be replaced 

or repaired to its prior conditions, as required by  Section 01 00 00, 

GENERAL REQUIREMENTS. 

F. Coordinate location of equipment and conduit wit h other trades to 

minimize interferences. 

1.10 EQUIPMENT INSTALLATION AND REQUIREMENTS 
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A. Equipment location shall be as close as practica l to locations shown on 

the drawings. 

B. Working spaces shall not be less than specified in the NEC for all 

voltages specified. 

C. Inaccessible Equipment: 

1. Where the Government determines that the Contrac tor has installed 

equipment not conveniently accessible for operation  and maintenance, 

the equipment shall be removed and reinstalled as d irected at no 

additional cost to the Government. 

2. "Conveniently accessible" is defined as being ca pable of being 

reached quickly for operation, maintenance, or insp ections without 

the use of ladders, or without climbing or crawling  under or over 

obstacles such as, but not limited to, motors, pump s, belt guards, 

transformers, piping, ductwork, conduit and raceway s. 

1.11 EQUIPMENT IDENTIFICATION 

A. In addition to the requirements of the NEC, inst all an identification 

sign which clearly indicates information required f or use and 

maintenance of items such as switchboards and switc hgear, panelboards, 

cabinets, motor controllers (starters), fused and u nfused safety 

switches, automatic transfer switches, separately e nclosed circuit 

breakers, individual breakers and controllers in sw itchboards, 

switchgear and motor control assemblies, control de vices and other 

significant equipment. 

B. Nameplates for Normal Power System equipment sha ll be laminated black 

phenolic resin with a white core with engraved lett ering.  Nameplates 

for Essential Electrical System (EES) equipment, as  defined in the NEC, 

shall be laminated red phenolic resin with a white core with engraved 

lettering. Lettering shall be a minimum of 1/2 inch  [12mm] high. 

Nameplates shall indicate equipment designation, ra ted bus amperage, 

voltage, number of phases, number of wires, and typ e of EES power branch 

as applicable.  Secure nameplates with screws. 

C. Install adhesive arc flash warning labels on all  equipment as required 

by NFPA 70E.  Label shall indicate the arc hazard b oundary (inches), 

working distance (inches), arc flash incident energ y at the working 

distance (calories/cm 2), required PPE category and description including 

the  glove rating, voltage rating of the equipment,  limited approach 

distance (inches), restricted approach distance (in ches), prohibited 
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approach distance (inches), equipment/bus name, dat e prepared, and 

manufacturer name and address. 

1.12 SUBMITTALS 

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT DATA, 

AND SAMPLES.  

B. The Government's approval shall be obtained for all equipment and 

material before delivery to the job site.  Delivery , storage or 

installation of equipment or material which has not  had prior approval 

will not be permitted at the job site. 

C. All submittals shall include adequate descriptiv e literature, catalog 

cuts, shop drawings and other data necessary for th e Government to 

ascertain that the proposed equipment and materials  comply with 

specification requirements.  Catalog cuts submitted  for approval shall 

be legible and clearly identify equipment being sub mitted. 

D. Submittals for individual systems and equipment assemblies which consist 

of more than one item or component shall be made fo r the system or 

assembly as a whole.  Partial submittals will not b e considered for 

approval. 

1. Mark the submittals, "SUBMITTED UNDER SECTION___ _______________". 

2. Submittals shall be marked to show specification  reference including 

the section and paragraph numbers. 

3. Submit each section separately. 

E. The submittals shall include the following: 

1. Information that confirms compliance with contra ct requirements. 

Include the manufacturer's name, model or catalog n umbers, catalog 

information, technical data sheets, shop drawings, pictures, 

nameplate data and test reports as required. 

2. Elementary and interconnection wiring diagrams f or communication and 

signal systems, control systems and equipment assem blies. All 

terminal points and wiring shall be identified on w iring diagrams. 

3. Parts list which shall include those replacement  parts recommended by 

the equipment manufacturer. 

F. Manuals: Submit in accordance with Section 01 00  00, GENERAL 

REQUIREMENTS. 

1. Maintenance and Operation Manuals: Submit as req uired for systems and 

equipment specified in the technical sections. Furn ish four copies, 

bound in hardback binders, (manufacturer's standard  binders) or an 

approved equivalent. Furnish one complete manual as  specified in the 
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technical section but in no case later than prior t o performance of 

systems or equipment test, and furnish the remainin g manuals prior to 

contract completion. 

2. Inscribe the following identification on the cov er: the words 

"MAINTENANCE AND OPERATION MANUAL," the name and lo cation of the 

system, equipment, building, name of Contractor, an d contract number. 

Include in the manual the names, addresses, and tel ephone numbers of 

each subcontractor installing the system or equipme nt and the local 

representatives for the system or equipment. 

3. Provide a "Table of Contents" and assemble the m anual to conform to 

the table of contents, with tab sheets placed befor e instructions 

covering the subject. The instructions shall be leg ible and easily 

read, with large sheets of drawings folded in. 

4. The manuals shall include: 

a. Internal and interconnecting wiring and control diagrams with data 

to explain detailed operation and control of the eq uipment. 

b. A control sequence describing start-up, operatio n, and shutdown. 

c. Description of the function of each principal it em of equipment. 

d. Installation instructions. 

e. Safety precautions for operation and maintenance . 

f. Diagrams and illustrations. 

g. Periodic maintenance and testing procedures and frequencies, 

including replacement parts numbers and replacement  frequencies. 

h. Performance data. 

 

i. Pictorial "exploded" parts list with part number s. Emphasis shall 

be placed on the use of special tools and instrumen ts.  The list 

shall indicate sources of supply, recommended spare  parts, and 

name of servicing organization. 

j. List of factory approved or qualified permanent servicing 

organizations for equipment repair and periodic tes ting and 

maintenance, including addresses and factory certif ication 

qualifications. 

G. Approvals will be based on complete submission o f manuals together with 

shop drawings. 

H. After approval and prior to installation, furnis h the Resident Engineer 

with one sample of each of the following: 
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1. A 300 mm (12 inch) length of each type and size of wire and cable 

along with the tag from the coils of reels from whi ch the samples 

were taken.  

2. Each type of conduit coupling, bushing and termi nation fitting.  

3. Conduit hangers, clamps and supports.  

4. Duct sealing compound.  

5. Each type of receptacle, toggle switch, occupanc y sensor, outlet box, 

manual motor starter, device wall plate, engraved n ameplate, wire and 

cable splicing and terminating material, and branch  circuit single 

pole molded case circuit breaker. 

1.13 SINGULAR NUMBER  

A. Where any device or part of equipment is referre d to in these 

specifications in the singular number (e.g., "the s witch"), this 

reference shall be deemed to apply to as many such devices as are 

required to complete the installation as shown on t he drawings. 

1.14 ACCEPTANCE CHECKS AND TESTS 

A. The contractor shall furnish the instruments, ma terials and labor for 

field tests. 

1.15 TRAINING 

A. Training shall be provided in accordance with Ar ticle 1.25, 

INSTRUCTIONS, of Section 01 00 00, GENERAL REQUIREM ENTS. 

B. Training shall be provided for the particular eq uipment or system as 

required in each associated specification. 

C. A training schedule shall be developed and submi tted by the contractor 

and approved by the Resident Engineer at least 30 d ays prior to the 

planned training. 

- - - E N D - - - 
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SECTION 26 05 13 
MEDIUM VOLTAGE CABLES 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. This section specifies the furnishing, installat ion, and connection of 

medium voltage cables, splices, and terminations. 

1.2 RELATED WORK 

A. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL IN STALLATIONS: General 

electrical requirement and items that are common to  more than one 

section of Division 26. 

B. Section 26 05 26, GROUNDING AND BONDING FOR ELEC TRICAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

for possible ground fault currents. 

C. Section 26 05 33, RACEWAY AND BOXES FOR ELECTRIC AL SYSTEMS: Conduits 

for medium voltage cables. 

D. Section 26 05 41, UNDERGROUND ELECTRICAL CONSTRU CTION: Manholes and 

ducts for medium voltage cables. 

E. Section 31 20 00, EARTH MOVING: Bedding of condu its. 

1.3 QUALITY ASSURANCE 

A. Refer to Paragraph, QUALIFICATIONS, in Section 2 6 05 11, REQUIREMENTS 

FOR ELECTRICAL INSTALLATIONS. 

1.4 FACTORY TESTS 

A. Medium voltage cables shall be thoroughly tested  at the factory per 

NEMA WC 74 to ensure that there are no electrical d efects. Factory 

tests shall be certified.  

1.5 SUBMITTALS 

A. In accordance with Section 26 05 11, REQUIREMENT S FOR ELECTRICAL 

INSTALLATIONS, submit the following: 

B. Shop Drawings: 

1. Clearly present sufficient information to determ ine compliance with 

drawings and specifications. 

2. Include product and installation information for  cables, splices, 

terminations, and fireproofing tape. 
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C. Certifications: 

1. Factory Test Reports: Prior to installation of t he cables, deliver 

four copies of the manufacturers certified NEMA WC 71 or WC 74 

standard factory test reports to the Resident Engin eer. Certified 

copies of test data shall show conformance with the  referenced 

standards and shall be approved prior to delivery o f cable.  

2. Compatibility: Provide certification from the ca ble manufacturer 

that the splices and terminations are approved for use with the 

cable. 

3. Field Test Reports: Test reports shall comply wi th the paragraph 

entitled “Acceptance Checks and Tests.”  After test ing, submit four 

certified copies to the Resident Engineer of each o f the graphs 

specified under field testing. 

4. After splices and terminations have been install ed and tested, 

deliver four copies of a certificate by the contrac tor to the 

Resident Engineer which includes the following: 

a. A statement that the materials, detail drawings,  and printed 

instructions used are those contained in the kits a pproved for 

this contract. 

b. A statement that each splice and each terminatio n was completely 

installed in a single continuous work period by a s ingle 

qualified worker without any overnight interruption . 

c. A statement that field-made splices and terminat ions conform to 

the following requirements: 

1) Pencil the cable insulation precisely. 

2) Connector installations: 

a) Use tools that are designed for the connectors b eing 

installed. 

b) Round and smooth the installed connectors to min imize 

localized voltage stressing of the insulating mater ials. 

3) Remove contaminants from all surfaces within the  splices and 

terminations before installing the insulating mater ials. 

4) Solder block throughout stranded grounding wires  that might 

penetrate the splicing and terminating materials. 
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5) Use mirrors to observe the installation of mater ials on the 

backsides of the splices and terminations. 

6) Eliminate air voids throughout the splices and t erminations. 

7) Stretch each layer of tape properly during insta llation. 

d. List all the materials purchased and installed f or the splices 

and terminations for this contract, including the m aterial 

descriptions, manufacturers' names, catalog numbers , and total 

quantities. 

D. Installer Approval: 

1. Employees who install splices and terminations a nd test the cables 

shall have not fewer than five years of experience splicing and 

terminating cables equivalent to those being splice d and terminated, 

including experience with the materials in the kits . 

2. Furnish satisfactory proof of such experience fo r each employee who 

splices or terminates the cables. 

1.6 APPLICABLE PUBLICATIONS 

A. Publications listed below (including amendments,  addenda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only: 

American Society for Testing and Materials (ASTM): 

B3-01 (R2007)...........Standard Specification for Soft or Annealed 

Copper Wire  

B. Institute of Electrical and Electronics Engineer s, Inc. (IEEE): 

386-95 (R2001)..........Separable Insulated Connect or Systems for Power 

Distribution Systems above 600 V 

400-01..................Guide for Field Testing and  Evaluation of the 

Insulation of Shielded Power Cable Systems 

400.2-05................Guide for Field Testing of Shielded Power Cable 

Systems Using Very Low Frequency (VLF) 

400.3-06................Guide for Partial Discharge  Testing of Shielded 

Power Cable Systems in a Field Environment 

404-00..................Extruded and Laminated Diel ectric Shielded 

Cable Joints Rated 2500-500,000 Volts 
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C. National Electrical Manufacturers Association (N EMA): 

WC 71-99................Standard for Non-Shielded C ables Rated 2001-

5000 Volts for Use in the Distribution of 

Electrical Energy (ICEA S-96-659) 

WC 74-06................5-46 KV Shielded Power Cabl e for Use in the 

Transmission and Distribution of Electrical 

Energy (ICEA S-93-969) 

D. National Fire Protection Association (NFPA): 

70-08...................National Electrical Code (N EC) 

E. Underwriters Laboratories (UL): 

1072-06 ................ Medium-Voltage Power Cable s 

1.7 SHIPMENT AND STORAGE 

A. Cable shall be shipped on reels such that it is protected from 

mechanical injury. Each end of each length of cable  shall be 

hermetically sealed with manufacturer’s end caps an d securely attached 

to the reel.  

B. Cable stored and/or cut on site shall have the e nds turned down, and 

sealed with cable manufacturer’s standard cable end  seals, or field-

installed heat-shrink cable end seals. 

PART 2 - PRODUCTS 

2.1 MEDIUM VOLTAGE CABLE 

A. Medium voltage cable shall be in accordance with  the NEC and NEMA WC 

71, WC 74, and UL 1072. 

B. Single conductor stranded copper conforming to A STM B3.  

C. Voltage Rating: 

   15,000 V cable shall be used on all distribution  systems with voltages 

ranging from 5,000 V to 15,000 V. 

D. Insulation: 

1. Insulation level shall be 133%. 

2. Types of insulation: 

a. Cable type abbreviation, EPR: Ethylene propylene  rubber 

insulation shall be thermosetting, light and heat s tabilized. 

b. Cable type abbreviation, CCLP: Polyethylene insu lation shall be 

thermosetting, light and heat stabilized, and chemi cally cross-

linked. 
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c. In wet locations, anti-tree CCLP or EPR shall be  used.  

d. Cable type abbreviation, XLPE: cross-linked poly ethylene 

insulated shielded shall be thermosetting, light an d heat 

stabilized and chemically cross-linked.  

E. Conductors and insulation shall be wrapped separ ately with semi-

conducting tape. 

F. Insulation shall be wrapped with non-magnetic, m etallic shielding tape, 

helically-applied over semi-conducting insulation s hield. 

G. Heavy duty, overall protective jacket of chloros ulphonated polyethylene 

or polyvinyl chloride shall enclose every cable. Th e manufacturer's 

name, cable type and size, and other pertinent info rmation shall be 

marked or molded clearly on the overall protective jacket. 

H. Cable temperature ratings for continuous operati on, emergency overload 

operation, and short circuit operation shall be not  less than the NEC, 

NEMA WC 71, or NEMA WC 74 standard for the respecti ve cable. 

2.2 SPLICES AND TERMINATIONS  

A. The materials shall be compatible with the cable s. 

B. In locations where moisture might be present, th e splices shall be 

watertight. In manholes and handholes, the splices shall be 

submersible. 

C. Where the Government determines that unsatisfact ory splices and 

terminations have been installed, the contractor sh all replace the 

unsatisfactory splices and terminations with approv ed material at no 

additional cost to the Government. 

D. Splices and Terminations: 

1. Materials shall be designed for the cables being  spliced and 

terminated, and shall be suitable for the prevailin g environmental 

conditions. 

2. Terminations: 

a. Shall comply with IEEE 48. Include shield ground  strap for 

shielded cable terminations. 

  b. Class 3 terminations for outdoor use: Kit with  stress cone and 

compression-type connector. 
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  c. Load-break terminations for indoor and outdoor  use: Elbow-type 

unit with test point and 200-A load make/break and continuous-

current rating. 

2.3 FIREPROOFING TAPE 

A. Fireproofing tape shall be flexible, non-corrosi ve, self-extinguishing, 

arcproof, and fireproof intumescent elastomer. Secu ring tape shall be 

glass cloth electrical tape not less than 7 mils [0 .18 mm] thick, and 

0.75 in [19 mm] wide. 

PART 3 - EXECUTION  

3.1 GENERAL 

A. Installation shall be in accordance with the NEC , as shown on the 

drawings, and per cable manufacturer’s instructions . 

B. Cable shall be installed in conduit above grade and duct bank below 

grade. All cables of a feeder shall be pulled simul taneously. 

C. Splice the cables only in manholes and accessibl e pullboxes. 

D. Ground shields in accordance with Section 26 05 26, GROUNDING AND 

BONDING FOR ELECTRICAL SYSTEMS. 

E. Cable maximum pull length, maximum pulling tensi on, and minimum bend 

radius shall conform with the recommendations of th e cable 

manufacturer. 

F. Use suitable lubricating compounds on the cables  to prevent pulling 

damage. Provide compounds that are not injurious to  the cable jacket 

and do not harden or become adhesive. 

G. Seal the cable ends prior to pulling, to prevent  the entry of moisture 

or lubricant. 

3.2 PROTECTION DURING SPLICING OPERATIONS  

A. Blowers shall be provided to force fresh air int o manholes where free 

movement or circulation of air is obstructed. Water proof protective 

coverings shall be available on the work site to pr ovide protection 

against moisture while a splice is being made. Pump s shall be used to 

keep manholes dry during splicing operations. Under  no conditions shall 

a splice or termination be made that exposes the in terior of a cable to 

moisture. A manhole ring at least 6 in [150 mm] abo ve ground shall be 

used around the manhole entrance to keep surface wa ter from entering 
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the manhole. Unused ducts shall be plugged and wate r seepage through 

ducts in use shall be stopped before splicing. 

3.3 PULLING CABLES IN DUCTS AND MANHOLES  

A. Cables shall be pulled into ducts  with equipment designed for this 

purpose, including power-driven winches, cable-feed ing flexible tube 

guides, cable grips, pulling eyes, and lubricants. A sufficient number 

of trained personnel and equipment shall be employe d to ensure the 

careful and proper installation of the cable. 

B. Cable reels shall be set up at the side of the m anhole opening and 

above the duct or hatch level, allowing cables to e nter through the 

opening without reverse bending. Flexible tube guid es shall be 

installed through the opening in a manner that will  prevent  cables from 

rubbing on the edges of any structural member. 

C. Cable shall be unreeled from the top of the reel . Pay-out shall be 

 carefully controlled. Cables to be pulled shall be  attached through a 

swivel to the main pulling wire by means of a suita ble cable grip and 

pulling eye. 

D. Woven-wire cable grips shall be used to grip the  cable end when pulling 

small cables and short straight lengths of heavier cables. 

E. Pulling eyes shall be attached to the cable cond uctors to prevent 

damage to the cable structure. 

F. Cables shall be liberally coated with a suitable  lubricant as they 

enter the tube guide or duct. Rollers, sheaves, or tube guides around 

which the cable is pulled shall conform to the mini mum bending radius 

of the cable. 

G. Cables shall be pulled into ducts at a reasonabl e speed. Cable pulling 

using a vehicle shall not be permitted. Pulling ope rations shall be 

stopped immediately at any indication of binding or  obstruction, and 

shall not be resumed until the potential for damage  to the cable is 

corrected. Sufficient slack shall be provided for f ree movement of 

cable due to expansion or contraction. 

H. Splices in manholes shall be firmly supported on  cable racks. No 

splices shall be pulled in ducts. Cable ends shall overlap at the ends 

of a section to provide sufficient undamaged cable for splicing. 



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

26 05 13 - 8 

I. Cables cut in the field shall have the cut ends immediately sealed to 

prevent entrance of moisture.  

3.4 FIREPROOFING 

A. Cover all cable segments exposed in manholes and  pull-boxes with 

fireproofing tape. 

B. Apply the tape in a single layer, wrapped in a h alf-lap manner, or as 

recommended by the manufacturer. Extend the tape no t less than 1 in [25 

mm] into each duct. 

C. At each end of a taped cable section, secure the  fireproof tape in 

place with glass cloth tape. 

3.5 CIRCUIT IDENTIFICATION OF FEEDERS 

A. In each manhole and pullbox, install permanent t ags on each circuit's 

cables to clearly designate the circuit identificat ion and voltage. The 

tags shall be the embossed brass type, 1.5 in [40 m m] in diameter and 

40 mils thick. Attach tags with plastic ties. Posit ion the tags so they 

will be easy to read after the fireproofing tape is  installed. 

3.6 ACCEPTANCE CHECKS AND TESTS   

A. Perform tests in accordance with the manufacture r's recommendations. 

Include the following visual and electrical inspect ions.  

B. Test equipment and labor and technical personnel  shall be provided as 

necessary to perform the acceptance tests. Arrangem ents shall be made 

to have tests witnessed by the Resident Engineer. 

C. Visual Inspection: 

1. Inspect exposed sections of cables for physical damage. 

2. Inspect shield grounding, cable supports, splice s, and terminations. 

3. Verify that visible cable bends meet manufacture r’s minimum 

published bending radius. 

4. Verify installation of fireproofing tape and ide ntification tags. 

D. Electrical Tests: 

1. Acceptance tests shall be performed on new and s ervice-aged cables 

as specified herein. 

2. Test new cable after installation, splices, and terminations have 

been made, but before connection to equipment and e xisting cable. 
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E. Service-Aged Cable Tests: 

1. Maintenance tests shall be performed on service- aged cable 

interconnected to new cable.  

2. After new cable test and connection to an existi ng cable, test the 

interconnected cable. Disconnect cable from all equ ipment that could 

be damaged by the test. 

F. Insulation-Resistance Test: Test all new and ser vice-aged cables with 

respect to ground and adjacent conductors.  

1. Test data shall include megohm readings and leak age current 

readings. Cable shall not be energized until insula tion-resistance 

test results have been approved by the Resident Eng ineer. Test 

voltages and minimum acceptable resistance values s hall be: 

 Voltage Class Test Voltage Min. Insulation Resista nce 

 15kV     2,500 VDC  5,000 megohms 

2. Provide a comprehensive report that describes th e identification and 

location of cables tested, the test equipment used,  and the date 

tests were performed; identifies the persons who pe rformed the 

tests; and identifies the insulation resistance and  leakage current 

results for each cable section tested. The report s hall provide 

conclusions and recommendations for corrective acti on. 

G. Online Partial Discharge Test: Comply with IEEE 400 and 400.3. Test all 

new and service-aged cables. Perform tests after ca bles have passed the 

insulation-resistance test, and after successful en ergization. 

1. Testing shall use a time or frequency domain det ection process, 

incorporating radio frequency current transformer s ensors with a 

partial discharge detection range of 10 kHz to 300 MHz. 

2. Provide a comprehensive report that describes th e identification and 

location of cables tested, the test equipment used,  and the date 

tests were performed; identifies the persons who pe rformed the 

tests; and numerically and graphically identifies t he magnitude of 

partial discharge detected for each cable section t ested. The report 

shall provide conclusions and recommendations for c orrective action. 

 

 



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

26 05 13 - 10 

H. Final Acceptance: Final acceptance shall depend upon the satisfactory 

performance of the cables under test. No cable shal l be energized until 

recorded test data have been approved by the Reside nt Engineer. Final 

test reports shall be provided to the Resident Engi neer.  

- - - E N D - - - 
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SECTION 26 05 21 
LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES (600 VOLTS AND BELOW) 

PART 1 - GENERAL 

1.1  DESCRIPTION 

A. This section specifies the furnishing, installat ion, and connection of 

the low voltage power and lighting wiring. 

1.2 RELATED WORK 

A. Section 07 84 00, FIRESTOPPING: Sealing around p enetrations to maintain 

the integrity of fire-rated construction. 

B. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL IN STALLATIONS: General 

electrical requirements that are common to more tha n one section. 

C. Section 26 05 26, GROUNDING AND BONDING FOR ELEC TRICAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

for possible ground fault currents. 

D. Section 26 05 33, RACEWAY AND BOXES FOR ELECTRIC AL SYSTEMS: Conduits for 

cables and wiring. 

E. Section 26 05 41, UNDERGROUND ELECTRICAL CONSTRU CTION: Installation of 

low-voltage conductors and cables in manholes and d ucts. 

1.3 QUALITY ASSURANCE 

A. Refer to Paragraph, QUALIFICATIONS, in Section 2 6 05 11, REQUIREMENTS 

FOR ELECTRICAL INSTALLATIONS. 

1.4 FACTORY TESTS 

A. Low voltage cables shall be thoroughly tested at  the factory per NEMA 

WC-70 to ensure that there are no electrical defect s. Factory tests 

shall be certified.  

1.5 SUBMITTALS 

A. In accordance with Section 26 05 11, REQUIREMENT S FOR ELECTRICAL 

INSTALLATIONS, submit the following: 

1. Manufacturer's Literature and Data: Showing each  cable type and 

rating. 

2. Certifications: Two weeks prior to the final ins pection, submit four 

copies of the following certifications to the Resid ent Engineer:  

a. Certification by the manufacturer that the mater ials conform to 

the requirements of the drawings and specifications .  

b. Certification by the contractor that the materia ls have been 

properly installed, connected, and tested.  
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1.6 APPLICABLE PUBLICATIONS 

A. Publications listed below (including amendments,  addenda, revisions, 

supplements and errata) form a part of this specifi cation to the extent 

referenced. Publications are reference in the text by designation only. 

B. American Society of Testing Material (ASTM): 

D2301-04................Standard Specification for Vinyl Chloride 

Plastic Pressure-Sensitive Electrical Insulating 

Tape  

C. National Fire Protection Association (NFPA): 

70-08...................National Electrical Code (N EC) 

D. National Electrical Manufacturers Association (N EMA): 

WC 70-09................Power Cables Rated 2000 Vol ts or Less for the 

Distribution of Electrical Energy  

E. Underwriters Laboratories, Inc. (UL): 

44-05...................Thermoset-Insulated Wires a nd Cables 

83-08...................Thermoplastic-Insulated Wir es and Cables 

467-071.................Electrical Grounding and Bo nding Equipment 

486A-486B-03............Wire Connectors 

486C-04.................Splicing Wire Connectors 

486D-05.................Sealed Wire Connector Syste ms 

486E-94.................Equipment Wiring Terminals for Use with Aluminum 

and/or Copper Conductors 

493-07..................Thermoplastic-Insulated Und erground Feeder and 

Branch Circuit Cable 

514B-04.................Conduit, Tubing, and Cable Fittings 

1479-03.................Fire Tests of Through-Penet ration Fire Stops 

PART 2 - PRODUCTS  

2.1 CONDUCTORS AND CABLES 

A. Conductors and cables shall be in accordance wit h NEMA WC-70 and as 

specified herein. 

B. Single Conductor: 

1. Shall be annealed copper. 

2. Shall be stranded for sizes No. 8 AWG and larger , solid for sizes No. 

10 AWG and smaller. 

3. Shall be minimum size No. 12 AWG, except where s maller sizes are 

allowed herein. 
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C. Insulation: 

1. XHHW-2 or THHN-THWN shall be in accordance with NEMA WC-70, UL 44, 

and UL 83. 

D. Color Code: 

1. Secondary service feeder and branch circuit cond uctors shall be 

color-coded as follows: 

 

208/120 volt Phase 480/277 volt 

Black A Brown 

Red B Orange 

Blue C Yellow 

White Neutral Gray * 

* or white with colored (other than green) tracer. 

 

a. Lighting circuit “switch legs” and 3-way switch “traveling wires” 

shall have color coding that is unique and distinct  (e.g., pink 

and purple) from the color coding indicated above. The unique 

color codes shall be solid and in accordance with t he NEC. 

Coordinate color coding in the field with the Resid ent Engineer. 

2. Use solid color insulation or solid color coatin g for No. 12 AWG and 

No. 10 AWG branch circuit phase, neutral, and groun d conductors. 

3. Conductors No. 8 AWG and larger shall be color-c oded using one of the 

following methods: 

a. Solid color insulation or solid color coating. 

b. Stripes, bands, or hash marks of color specified  above. 

c. Color as specified using 0.75 in [19 mm] wide ta pe. Apply tape in 

half-overlapping turns for a minimum of 3 in [75 mm ] for terminal 

points, and in junction boxes, pull-boxes, troughs,  and manholes. 

Apply the last two laps of tape with no tension to prevent 

possible unwinding. Where cable markings are covere d by tape, 

apply tags to cable, stating size and insulation ty pe. 

4. For modifications and additions to existing wiri ng systems, color 

coding shall conform to the existing wiring system.  

2.2 SPLICES AND JOINTS 

A. In accordance with UL 486A, C, D, E, and NEC. 

B. Aboveground Circuits (No. 10 AWG and smaller): 
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1. Connectors: Solderless, screw-on, reusable press ure cable type, rated 

600 V, 220˚ F [105˚ C], with integral insulation, a pproved for copper 

and aluminum conductors. 

2. The integral insulator shall have a skirt to com pletely cover the 

stripped wires. 

3. The number, size, and combination of conductors,  as listed on the 

manufacturer's packaging, shall be strictly followe d. 

C. Aboveground Circuits (No. 8 AWG and larger): 

1. Connectors shall be indent, hex screw, or bolt c lamp-type of high 

conductivity and corrosion-resistant material, list ed for use with 

copper and aluminum conductors. 

2. Field-installed compression connectors for cable  sizes 250 kcmil and 

larger shall have not fewer than two clamping eleme nts or compression 

indents per wire. 

3. Insulate splices and joints with materials appro ved for the 

particular use, location, voltage, and temperature.  Splice and joint 

insulation level shall be not less than the insulat ion level of the 

conductors being joined. 

4. Plastic electrical insulating tape: Per ASTM D23 04, flame-retardant, 

cold and weather resistant. 

D. Underground Branch Circuits and Feeders: 

1. Submersible connectors in accordance with UL 486 D, rated 600 V, 190˚ 

F [90˚ C], with integral insulation. 

2.3 CONTROL WIRING  

A. Unless otherwise specified elsewhere in these sp ecifications, control 

wiring shall be as specified for power and lighting  wiring, except that 

the minimum size shall be not less than No. 14 AWG.  

B. Control wiring shall be large enough such that t he voltage drop under 

in-rush conditions does not adversely affect operat ion of the controls. 

2.4 WIRE LUBRICATING COMPOUND 

A. Lubricating compound shall be suitable for the w ire insulation and 

conduit, and shall not harden or become adhesive. 

PART 3 - EXECUTION  

3.1 GENERAL  

A. Install in accordance with the NEC, and as speci fied. 

B. Install all wiring in raceway systems. 

C. Splice cables and wires only in outlet boxes, ju nction boxes, pull-

boxes, manholes, or handholes. 
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D. Wires of different systems (e.g., 120 V, 277 V) shall not be installed 

in the same conduit or junction box system. 

E. Install cable supports for all vertical feeders in accordance with the 

NEC. Provide split wedge type which firmly clamps e ach individual cable 

and tightens due to cable weight. 

F. For panel boards, cabinets, wireways, switches, and equipment 

assemblies, neatly form, train, and tie the cables in individual 

circuits. 

G. Seal cable and wire entering a building from und erground between the 

wire and conduit where the cable exits the conduit,  with a non-hardening 

approved compound. 

H. Wire Pulling: 

1. Provide installation equipment that will prevent  the cutting or 

abrasion of insulation during pulling of cables. Us e lubricants 

approved for the cable. 

2. Use nonmetallic ropes for pulling feeders. 

3. Attach pulling lines for feeders by means of eit her woven basket 

grips or pulling eyes attached directly to the cond uctors, as 

approved by the Resident Engineer. 

4. All cables in a single conduit shall be pulled s imultaneously. 

5. Do not exceed manufacturer’s recommended maximum  pulling tensions and 

sidewall pressure values. 

I. No more than three single-phase branch circuits shall be installed in 

any one conduit. 

3.2 INSTALLATION IN MANHOLES 

A. Install and support cables in manholes on the st eel racks with porcelain 

or equivalent insulators. Train the cables around t he manhole walls, but 

do not bend to a radius less than six times the ove rall cable diameter. 

3.3 SPLICE INSTALLATION 

A. Splices and terminations shall be mechanically a nd electrically secure.  

B. Tighten electrical connectors and terminals acco rding to manufacturer's 

published torque values. 

C. Where the Government determines that unsatisfact ory splices or 

terminations have been installed, remove the device s and install 

approved devices at no additional cost to the Gover nment. 

3.4 FEEDER IDENTIFICATION 

A. In each interior pull-box and junction box, inst all metal tags on all 

circuit cables and wires to clearly designate their  circuit 
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identification and voltage. The tags shall be the e mbossed brass type, 

1.5 in [40 mm] in diameter and 40 mils thick. Attac h tags with plastic 

ties.  

B. In each manhole and handhole, provide tags of th e embossed brass type, 

showing the circuit identification and voltage. The  tags shall be the 

embossed brass type, 1.5 in [40 mm] in diameter and  40 mils thick. 

Attach tags with plastic ties.  

3.5 EXISTING WIRING 

A. Unless specifically indicated on the plans, exis ting wiring shall not be 

reused for a new installation.  

3.6 CONTROL AND SIGNAL WIRING INSTALLATION 

A. Unless otherwise specified in other sections, in stall wiring and connect 

to equipment/devices to perform the required functi ons as shown and 

specified.  

B. Except where otherwise required, install a separ ate power supply circuit 

for each system so that malfunctions in any system will not affect other 

systems. 

C. Where separate power supply circuits are not sho wn, connect the systems 

to the nearest panel boards of suitable voltages, w hich are intended to 

supply such systems and have suitable spare circuit  breakers or space 

for installation. 

3.7 CONTROL AND SIGNAL SYSTEM WIRING IDENTIFICATION  

A. Install a permanent wire marker on each wire at each termination. 

B. Identifying numbers and letters on the wire mark ers shall correspond to 

those on the wiring diagrams used for installing th e systems. 

C. Wire markers shall retain their markings after c leaning. 

D. In each manhole and handhole, install embossed b rass tags to identify 

the system served and function. 

3.8 ACCEPTANCE CHECKS AND TESTS   
A. Feeders and branch circuits shall have their ins ulation tested after 

installation and before connection to utilization d evices, such as 

fixtures, motors, or appliances. Test each conducto r with respect to 

adjacent conductors and to ground. Existing conduct ors to be reused 

shall also be tested. 

B. Applied voltage shall be 500VDC for 300-volt rat ed cable, and 1000VDC 

for 600-volt rated cable. Apply test for one minute  or until reading is 

constant for 15 seconds, whichever is longer. Minim um insulation 
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resistance values shall not be less than 25 megohms  for 300-volt rated 

cable and 100 megohms for 600-volt rated cable.  

C. Perform phase rotation test on all three-phase c ircuits. 

D. The contractor shall furnish the instruments, ma terials, and labor for 

all tests. 

- - - E N D - - - 
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SECTION 26 05 26 
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. This section specifies the general grounding and  bonding requirements 

for electrical equipment and operations to provide a low impedance path 

for possible ground fault currents.  

B. “Grounding electrode system” refers to all elect rodes required by NEC, 

as well as made, supplementary, and lightning prote ction system 

grounding electrodes. 

C.  The terms “connect” and “bond” are used interchange ably in this 

specification and have the same meaning. 

1.2 RELATED WORK  

A. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL IN STALLATIONS: General 

electrical requirements and items that are common t o more than one 

section of Division 26.  

B. Section 26 05 21, LOW-VOLTAGE ELECTRICAL POWER C ONDUCTORS AND CABLES 

(600 VOLTS AND BELOW): Low Voltage power and lighti ng wiring. 

C. Section 26 13 00, MEDIUM-VOLTAGE SWITCHGEAR: Med ium voltage 

distribution switchgear. 

D. Section 26 18 41, MEDIUM-VOLTAGE SWITCHES: Mediu m voltage switches. 

E. Section 26 24 11, DISTRIBUTION SWITCHBOARDS: Low  voltage distribution 

switchboards. 

F. Section 26 24 16, PANELBOARDS: Low voltage panel boards. 

G. Section 26 36 23, AUTOMATIC TRANSFER SWITCHES: A utomatic transfer 

switches. 

1.3 QUALITY ASSURANCE 

A. Refer to Paragraph, QUALIFICATIONS, in Section 2 6 05 11, REQUIREMENTS 

FOR ELECTRICAL INSTALLATIONS. 

1.4 SUBMITTALS 

A. Submit in accordance with Section 26 05 11, REQU IREMENTS FOR ELECTRICAL 

INSTALLATIONS.  

B. Shop Drawings:  

1. Clearly present enough information to determine compliance with 

drawings and specifications. 
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2. Include the location of system grounding electro de connections and 

the routing of aboveground and underground groundin g electrode 

conductors.  

C. Test Reports: Provide certified test reports of ground resistance.  

D. Certifications: Two weeks prior to final inspect ion, submit four copies 

of the following to the Resident Engineer: 

1. Certification that the materials and installatio n are in accordance 

with the drawings and specifications. 

2. Certification by the contractor that the complet e installation has 

been properly installed and tested.  

1.5 APPLICABLE PUBLICATIONS 

 Publications listed below (including amendments, a ddenda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only.  

A. American Society for Testing and Materials (ASTM ): 

B1-07...................Standard Specification for Hard-Drawn Copper 

Wire 

B3-07...................Standard Specification for Soft or Annealed 

Copper Wire 

B8-04...................Standard Specification for Concentric-Lay-

Stranded Copper Conductors, Hard, Medium-Hard, 

or Soft 

B. Institute of Electrical and Electronics Engineer s, Inc. (IEEE): 

81-1983.................IEEE Guide for Measuring Ea rth Resistivity, 

Ground Impedance, and Earth Surface Potentials 

of a Ground System 

C2-07...................National Electrical Safety Code 

C. National Fire Protection Association (NFPA):  

70-08...................National Electrical Code (N EC)  

99-2005.................Health Care Facilities 
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D. Underwriters Laboratories, Inc. (UL):  

44-05 ..................Thermoset-Insulated Wires a nd Cables 

83-08 ..................Thermoplastic-Insulated Wir es and Cables 

467-07 .................Grounding and Bonding Equip ment  

486A-486B-03 ...........Wire Connectors  

PART 2 - PRODUCTS  

2.1 GROUNDING AND BONDING CONDUCTORS  

A. Equipment grounding conductors shall be UL 44 or  UL 83 insulated 

stranded copper, except that sizes No. 10 AWG [6 mm ²] and smaller shall 

be solid copper. Insulation color shall be continuo us green for all 

equipment grounding conductors, except that wire si zes No. 4 AWG [25 

mm²] and larger shall be identified per NEC. 

B. Bonding conductors shall be ASTM B8 bare strande d copper, except that 

sizes No. 10 AWG [6 mm²] and smaller shall be ASTM B1 solid bare copper 

wire.  

C. Conductor sizes shall not be less than shown on the drawings, or not 

less than required by the NEC, whichever is greater . 

2.2 GROUND RODS 

A. Steel or copper clad steel, 0.75 in [19 mm] diam eter by 10 ft [30 M] 

long, conforming to UL 467. 

B. Quantity of rods shall be as required to obtain the specified ground 

resistance, as shown on the drawings.  

2.3 MEDIUM VOLTAGE TERMINATIONS 

A. Components shall meet or exceed UL 467 and be cl early marked with the 

manufacturer, catalog number, and permitted conduct or size(s). 

2.4 GROUND CONNECTIONS 

A. Below Grade: Exothermic-welded type connectors.  

B. Above Grade: 

1. Bonding Jumpers: Compression-type connectors, us ing zinc-plated 

fasteners and external tooth lockwashers. 

2. Connection to Building Steel: Exothermic-welded type connectors. 

3. Ground Busbars: Two-hole compression type lugs, using tin-plated 

copper or copper alloy bolts and nuts. 

4. Rack and Cabinet Ground Bars: One-hole compressi on-type lugs, using 

zinc-plated or copper alloy fasteners. 
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2.5 EQUIPMENT RACK AND CABINET GROUND BARS 

A. Provide solid copper ground bars designed for mo unting on the framework 

of open or cabinet-enclosed equipment racks with mi nimum dimensions of 

0.375 in [4 mm] thick x 0.75 in [19 mm] wide. 

2.6 GROUND TERMINAL BLOCKS 

A. At any equipment mounting location (e.g., backbo ards and hinged cover 

enclosures) where rack-type ground bars cannot be m ounted, provide 

screw lug-type terminal blocks. 

2.7 GROUNDING BUS 

A. Pre-drilled rectangular copper bar with stand-of f insulators, minimum 

0.25 in [6.3 mm] thick x 4 in [100 mm] high in cros s-section, length as 

shown on drawings, with 0.281 in [7.1 mm] holes spa ced 1.125 in [28 mm] 

apart. 

PART 3 - EXECUTION  

3.1 GENERAL  

A. Ground in accordance with the NEC, as shown on d rawings, and as 

specified herein.  

B. System Grounding:  

1. Secondary service neutrals: Ground at the supply  side of the 

secondary disconnecting means and at the related tr ansformers.  

2. Separately derived systems (transformers downstr eam from the service 

entrance): Ground the secondary neutral.  

C. Equipment Grounding: Metallic structures, includ ing ductwork and 

building steel, enclosures, raceways, junction boxe s, outlet boxes, 

cabinets, machine frames, and other conductive item s in close proximity 

with electrical circuits, shall be bonded and groun ded.  

D. Special Grounding: For patient care area electri cal power system 

grounding, conform to NFPA 99 and NEC.  

3.2 INACCESSIBLE GROUNDING CONNECTIONS 

A. Make grounding connections, which are normally b uried or otherwise 

inaccessible (except connections for which access f or periodic testing 

is required), by exothermic weld. 

3.3 MEDIUM VOLTAGE EQUIPMENT AND CIRCUITS  

A.  Switchgear: Provide a bare grounding electrode cond uctor from the 

switchgear ground bus to the grounding electrode sy stem.  
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B.  Pad-Mounted Transformers:  

1. Provide a driven ground rod and bond with a grou nding electrode 

conductor to the transformer grounding pad.  

2. Ground the secondary neutral.  

C.  Duct Banks and Manholes: Provide an insulated equip ment grounding 

conductor in each duct containing medium voltage co nductors, sized per 

NEC except that minimum size shall be 2 AWG [25 mm² ]. Bond the 

equipment grounding conductors to the switchgear gr ound bus, to all 

manhole hardware and ground rods, to the cable shie lding grounding 

provisions of medium-voltage cable splices and term inations, and to 

equipment enclosures.  

3.4 SECONDARY VOLTAGE EQUIPMENT AND CIRCUITS  

A. Main Bonding Jumper: Bond the secondary service neutral to the ground 

bus in the service equipment.  

B. Metallic Piping, Building Steel, and Supplementa l Electrode(s):  

1. Provide a grounding electrode conductor sized pe r NEC between the 

service equipment ground bus and all metallic water  pipe systems, 

building steel, and supplemental or made electrodes . Provide jumper 

insulating joints in the metallic piping. All conne ctions to 

electrodes shall be made with fittings that conform  to UL 467. 

2. Provide a supplemental ground electrode and bond  to the grounding 

electrode system.  

C. Service Disconnect (Separate Individual Enclosur e): Provide a ground 

bar bolted to the enclosure with lugs for connectin g the various 

grounding conductors. 

D. Switchboards, Unit Substations, Panelboards, Mot or Control Centers and 

Panelboards, and Automatic Transfer Switches:  

1. Connect the various feeder equipment grounding c onductors to the 

ground bus in the enclosure with suitable pressure connectors.  

2. For service entrance equipment, connect the grou nding electrode 

conductor to the ground bus.  

3. Provide ground bars, bolted to the housing, with  sufficient lugs to 

terminate the equipment grounding conductors.  
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4. Connect metallic conduits that terminate without  mechanical 

connection to the housing, by grounding bushings an d grounding 

conductor to the equipment ground bus. 

E. Transformers:  

1. Exterior: Exterior transformers supplying interi or service equipment 

shall have the neutral grounded at the transformer secondary. 

Provide a grounding electrode at the transformer.  

2. Separately derived systems (transformers downstr eam from service 

equipment): Ground the secondary neutral at the tra nsformer. Provide 

a grounding electrode conductor from the transforme r to the nearest 

component of the grounding electrode system. 

3.5 RACEWAY  

A. Conduit Systems: 

1. Ground all metallic conduit systems. All metalli c conduit systems 

shall contain an equipment grounding conductor.  

2. Non-metallic conduit systems, except non-metalli c feeder conduits 

that carry a grounded conductor from exterior trans formers to 

interior or building-mounted service entrance equip ment, shall 

contain an equipment grounding conductor. 

3. Conduit that only contains a grounding conductor , and is provided 

for its mechanical protection, shall be bonded to t hat conductor at 

the entrance and exit from the conduit. 

4. Metallic conduits which terminate without mechan ical connection to 

an electrical equipment housing by means of locknut  and bushings or 

adapters, shall be provided with grounding bushings . Connect 

bushings with a bare grounding conductor to the equ ipment ground 

bus. 

B. Feeders and Branch Circuits: Install equipment g rounding conductors 

with all feeders and power and lighting branch circ uits.  

C. Boxes, Cabinets, Enclosures, and Panelboards:  

1. Bond the equipment grounding conductor to each p ullbox, junction 

box, outlet box, device box, cabinets, and other en closures through 

which the conductor passes (except for special grou nding systems for 

intensive care units and other critical units shown ).  
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2. Provide lugs in each box and enclosure for equip ment grounding 

conductor termination. 

D. Wireway Systems: 

1. Bond the metallic structures of wireway to provi de 100% electrical 

continuity throughout the wireway system, by connec ting a No. 6 AWG 

[16 mm²] bonding jumper at all intermediate metalli c enclosures and 

across all section junctions. 

2. Install insulated No. 6 AWG [16 mm²] bonding jum pers between the 

wireway system, bonded as required above, and the c losest building 

ground at each end and approximately every 50 ft [1 6 M]. 

3. Use insulated No. 6 AWG [16 mm²] bonding jumpers  to ground or bond 

metallic wireway at each end for all intermediate m etallic 

enclosures and across all section junctions. 

4. Use insulated No. 6 AWG [16 mm²] bonding jumpers  to ground cable 

tray to column-mounted building ground plates (pads ) at each end and 

approximately every 49 ft [15 M]. 

E. Receptacles shall not be grounded through their mounting screws. Ground 

receptacles with a jumper from the receptacle green  ground terminal to 

the device box ground screw and a jumper to the bra nch circuit 

equipment grounding conductor.  

F. Ground lighting fixtures to the equipment ground ing conductor of the 

wiring system when the green ground is provided; ot herwise, ground the 

fixtures through the conduit systems. Fixtures conn ected with flexible 

conduit shall have a green ground wire included wit h the power wires 

from the fixture through the flexible conduit to th e first outlet box.  

G. Fixed electrical appliances and equipment shall be provided with a 

ground lug for termination of the equipment groundi ng conductor.  

3.6 CORROSION INHIBITORS 

A. When making ground and ground bonding connection s, apply a corrosion 

inhibitor to all contact surfaces. Use corrosion in hibitor appropriate 

for protecting a connection between the metals used . 

3.7 CONDUCTIVE PIPING  

A. Bond all conductive piping systems, interior and  exterior, to the 

grounding electrode system. Bonding connections sha ll be made as close 

as practical to the equipment ground bus.  
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3.8 LIGHTNING PROTECTION SYSTEM 

A. Bond the lightning protection system to the elec trical grounding 

electrode system. 

3.9 ELECTRICAL ROOM GROUNDING 

A. Building Earth Ground Busbars: Provide ground bu sbar and mounting 

hardware at each electrical room and connect to pig tail extensions of 

the building grounding ring. 

3.10 GROUND RESISTANCE  

A. Grounding system resistance to ground shall not exceed 5 ohms. Make any 

modifications or additions to the grounding electro de system necessary 

for compliance without additional cost to the Gover nment. Final tests 

shall ensure that this requirement is met. 

B. Resistance of the grounding electrode system sha ll be measured using a 

four-terminal fall-of-potential method as defined i n IEEE 81. Ground 

resistance measurements shall be made before the el ectrical 

distribution system is energized and shall be made in normally dry 

conditions not fewer than 48 hours after the last r ainfall. Resistance 

measurements of separate grounding electrode system s shall be made 

before the systems are bonded together below grade.  The combined 

resistance of separate systems may be used to meet the required 

resistance, but the specified number of electrodes must still be 

provided. 

C. Services at power company interface points shall  comply with the power 

company ground resistance requirements.  

D. Below-grade connections shall be visually inspec ted by the Resident 

Engineer prior to backfilling. The contractor shall  notify the Resident 

Engineer 24 hours before the connections are ready for inspection. 

3.11 GROUND ROD INSTALLATION  

A. For outdoor installations, drive each rod vertic ally in the earth, 

until top of rod is 24 in [609 mm] below final grad e. 

B. For indoor installations, leave 4 in [100 mm] of  rod exposed.  

C. Where permanently concealed ground connections a re required, make the 

connections by the exothermic process, to form soli d metal joints. Make 

accessible ground connections with mechanical press ure-type ground 

connectors.  
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D. Where rock prevents the driving of vertical grou nd rods, install angled 

ground rods or grounding electrodes in horizontal t renches to achieve 

the specified resistance.  

- - - E N D - - - 
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SECTION 26 05 33 
RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. This section specifies the furnishing, installat ion, and connection of 

conduit, fittings, and boxes, to form complete, coo rdinated, grounded 

raceway systems. Raceways are required for all wiri ng unless shown or 

specified otherwise. 

B. Definitions: The term conduit, as used in this s pecification, shall mean 

any or all of the raceway types specified. 

1.2 RELATED WORK  

A. Section 06 10 00, ROUGH CARPENTRY: Mounting boar d for telephone closets. 

B. Section 07 60 00, FLASHING AND SHEET METAL: Fabr ications for the 

deflection of water away from the building envelope  at penetrations. 

C. Section 07 84 00, FIRESTOPPING: Sealing around p enetrations to maintain 

the integrity of fire rated construction. 

D. Section 07 92 00, JOINT SEALANTS: Sealing around  conduit penetrations 

through the building envelope to prevent moisture m igration into the 

building. 

E. Section 09 91 00, PAINTING: Identification and p ainting of conduit and 

other devices. 

F. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL IN STALLATIONS: General 

electrical requirements and items that are common t o more than one 

section of Division 26. 

G. Section 26 05 26, GROUNDING AND BONDING FOR ELEC TRICAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

for possible ground fault currents. 

H. Section 26 05 41, UNDERGROUND ELECTRICAL CONSTRU CTION: Underground 

conduits. 

I. Section 31 20 00, EARTH MOVING: Bedding of condu its. 

1.3 QUALITY ASSURANCE 

A. Refer to Paragraph, QUALIFICATIONS, in Section 2 6 05 11, REQUIREMENTS 

FOR ELECTRICAL INSTALLATIONS. 

1.4 SUBMITTALS 

A. In accordance with Section 26 05 11, REQUIREMENT S FOR ELECTRICAL 

INSTALLATIONS, submit the following: 
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 1. Manufacturer's Literature and Data: Showing eac h cable type and      

   rating. The specific item proposed and its area of application shall 

   be identified on the catalog cuts. 

B. Shop Drawings: 

1. Size and location of main feeders. 

2. Size and location of panels and pull-boxes. 

3. Layout of required conduit penetrations through structural elements. 

C. Certifications:  

1. Two weeks prior to the final inspection, submit four copies of the 

following certifications to the Resident Engineer:  

a. Certification by the manufacturer that the mater ial conforms to 

the requirements of the drawings and specifications .  

b. Certification by the contractor that the materia l has been 

properly installed.  

1.5 APPLICABLE PUBLICATIONS 

A. Publications listed below (including amendments,  addenda, revisions, 

supplements, and errata) form a part of this specif ication to the extent 

referenced. Publications are referenced in the text  by designation only. 

B. American National Standards Institute (ANSI): 

C80.1-05................Electrical Rigid Steel Cond uit 

C80.3-05................Steel Electrical Metal Tubi ng 

C80.6-05................Electrical Intermediate Met al Conduit 

C. National Fire Protection Association (NFPA): 

70-08...................National Electrical Code (N EC) 

D. Underwriters Laboratories, Inc. (UL): 

1-05....................Flexible Metal Conduit  

5-04....................Surface Metal Raceway and F ittings 

6-07....................Electrical Rigid Metal Cond uit - Steel 

50-95...................Enclosures for Electrical E quipment 

360-093.................Liquid-Tight Flexible Steel  Conduit 

467-07..................Grounding and Bonding Equip ment 

514A-04.................Metallic Outlet Boxes 

514B-04.................Conduit, Tubing, and Cable Fittings 

514C-96.................Nonmetallic Outlet Boxes, F lush-Device Boxes and 

Covers  

651-05..................Schedule 40 and 80 Rigid PV C Conduit and 

Fittings 

651A-00.................Type EB and A Rigid PVC Con duit and HDPE Conduit 
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797-07..................Electrical Metallic Tubing 

1242-06.................Electrical Intermediate Met al Conduit – Steel 

E. National Electrical Manufacturers Association (N EMA): 

TC-2-03.................Electrical Polyvinyl Chlori de (PVC) Tubing and  

Conduit 

TC-3-04.................PVC Fittings for Use with R igid PVC Conduit and 

Tubing 

FB1-07..................Fittings, Cast Metal Boxes and Conduit Bodies 

for Conduit, Electrical Metallic Tubing and 

Cable 

PART 2 - PRODUCTS 

2.1 MATERIAL 

A. Conduit Size: In accordance with the NEC, but no t less than 0.5 in [13 

mm] unless otherwise shown. Where permitted by the NEC, 0.5 in [13 mm] 

flexible conduit may be used for tap connections to  recessed lighting 

fixtures. 

B. Conduit:  

1. Rigid steel: Shall conform to UL 6 and ANSI C80. 1. 

2. Rigid intermediate steel conduit (IMC): Shall co nform to UL 1242 and 

ANSI C80.6. 

3. Electrical metallic tubing (EMT): Shall conform to UL 797 and ANSI 

C80.3. Maximum size not to exceed 4 in [105 mm] and  shall be 

permitted only with cable rated 600 V or less. 

4. Flexible galvanized steel conduit: Shall conform  to UL 1. 

5. Liquid-tight flexible metal conduit: Shall confo rm to UL 360. 

6. Direct burial plastic conduit: Shall conform to UL 651 and UL 651A, 

heavy wall PVC or high density polyethylene (PE). 

7. Surface metal raceway: Shall conform to UL 5. 

C. Conduit Fittings:  

1. Rigid steel and IMC conduit fittings:  

a. Fittings shall meet the requirements of UL 514B and NEMA FB1. 

b. Standard threaded couplings, locknuts, bushings,  conduit bodies, 

and elbows: Only steel or malleable iron materials are acceptable. 

Integral retractable type IMC couplings are also ac ceptable. 

c. Locknuts: Bonding type with sharp edges for digg ing into the metal 

wall of an enclosure. 

d. Bushings: Metallic insulating type, consisting o f an insulating 

insert, molded or locked into the metallic body of the fitting. 
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Bushings made entirely of metal or nonmetallic mate rial are not 

permitted. 

e. Erickson (union-type) and set screw type couplin gs: Approved for 

use in concrete are permitted for use to complete a  conduit run 

where conduit is installed in concrete. Use set scr ews of case-

hardened steel with hex head and cup point to firml y seat in 

conduit wall for positive ground. Tightening of set  screws with 

pliers is prohibited. 

f. Sealing fittings: Threaded cast iron type. Use c ontinuous drain-

type sealing fittings to prevent passage of water v apor. In 

concealed work, install fittings in flush steel box es with blank 

cover plates having the same finishes as that of ot her electrical 

plates in the room. 

2. Electrical metallic tubing fittings:  

a. Fittings and conduit bodies shall meet the requi rements of UL 

514B, ANSI C80.3, and NEMA FB1. 

b. Only steel or malleable iron materials are accep table. 

 c. Compression couplings and connectors: Concrete- tight and rain-

tight, with connectors having insulated throats.  

d. Indent-type connectors or couplings are prohibit ed. 

e. Die-cast or pressure-cast zinc-alloy fittings or  fittings made of 

"pot metal" are prohibited. 

3. Flexible steel conduit fittings: 

a. Conform to UL 514B. Only steel or malleable iron  materials are 

acceptable. 

b. Clamp-type, with insulated throat. 

4. Liquid-tight flexible metal conduit fittings: 

a. Fittings shall meet the requirements of UL 514B and NEMA FB1. 

b. Only steel or malleable iron materials are accep table. 

c. Fittings must incorporate a threaded grounding c one, a steel or 

plastic compression ring, and a gland for tightenin g. Connectors 

shall have insulated throats. 

5. Direct burial plastic conduit fittings:  

 Fittings shall meet the requirements of UL 514C an d NEMA TC3. 

6. Surface metal raceway fittings: As recommended b y the raceway 

manufacturer. Include couplings, offsets, elbows, e xpansion joints, 

adapters, hold-down straps, end caps, conduit entry  fittings, 

accessories, and other fittings as required for com plete system. 
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7. Expansion and deflection couplings: 

a. Conform to UL 467 and UL 514B. 

b. Accommodate a 0.75 in [19 mm] deflection, expans ion, or 

contraction in any direction, and allow 30 degree a ngular 

deflections. 

c. Include internal flexible metal braid, sized to guarantee conduit 

ground continuity and a low-impedance path for faul t currents, in 

accordance with UL 467 and the NEC tables for equip ment grounding 

conductors. 

d. Jacket: Flexible, corrosion-resistant, watertigh t, moisture and 

heat-resistant molded rubber material with stainles s steel jacket 

clamps. 

D. Conduit Supports: 

1. Parts and hardware: Zinc-coat or provide equival ent corrosion 

protection. 

2. Individual Conduit Hangers: Designed for the pur pose, having a 

pre-assembled closure bolt and nut, and provisions for receiving a 

hanger rod. 

3. Multiple conduit (trapeze) hangers: Not less tha n 1.5 x 1.5 in [38 mm 

x 38 mm], 12-gauge steel, cold-formed, lipped chann els; with not less 

than 0.375 in [9 mm] diameter steel hanger rods. 

4. Solid Masonry and Concrete Anchors: Self-drillin g expansion shields, 

or machine bolt expansion. 

E. Outlet, Junction, and Pull Boxes: 

1. UL-50 and UL-514A. 

2. Cast metal where required by the NEC or shown, a nd equipped with 

rustproof boxes. 

3. Sheet metal boxes: Galvanized steel, except wher e otherwise shown. 

F.  Wireways: Equip with hinged covers, except where re movable covers are 

shown. Include couplings, offsets, elbows, expansio n joints, adapters, 

hold-down straps, end caps, and other fittings to m atch and mate with 

wireways as required for a complete system. 

PART 3 - EXECUTION 

3.1 PENETRATIONS 

A. Cutting or Holes: 

1. Cut holes in advance where they should be placed  in the structural 

elements, such as ribs or beams. Obtain the approva l of the Resident 

Engineer prior to drilling through structural eleme nts. 
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2. Cut holes through concrete and masonry in new an d existing structures 

with a diamond core drill or concrete saw. Pneumati c hammers, impact 

electric, hand, or manual hammer-type drills are no t allowed, except 

where permitted by the Resident Engineer as require d by limited 

working space. 

B. Firestop: Where conduits, wireways, and other el ectrical raceways pass 

through fire partitions, fire walls, smoke partitio ns, or floors, 

install a fire stop that provides an effective barr ier against the 

spread of fire, smoke and gases as specified in Sec tion 07 84 00, 

FIRESTOPPING. 

C. Waterproofing: At floor, exterior wall, and roof  conduit penetrations, 

completely seal clearances around the conduit and m ake watertight, as 

specified in Section 07 92 00, JOINT SEALANTS. 

3.2 INSTALLATION, GENERAL 

A. In accordance with UL, NEC, as shown, and as spe cified herein. 

B. Essential (Emergency) raceway systems shall be e ntirely independent of 

other raceway systems, except where shown on drawin gs. 

C. Install conduit as follows: 

1. In complete mechanically and electrically contin uous runs before 

pulling in cables or wires. 

2. Unless otherwise indicated on the drawings or sp ecified herein, 

installation of all conduits shall be concealed wit hin finished 

walls, floors, and ceilings.  

3. Flattened, dented, or deformed conduit is not pe rmitted. Remove and 

replace the damaged conduits with new undamaged mat erial. 

4. Assure conduit installation does not encroach in to the ceiling height 

head room, walkways, or doorways. 

5. Cut square, ream, remove burrs, and draw up tigh t. 

 

 

6. Independently support conduit at 8 ft [2.4 M] on  centers. Do not use 

other supports, i.e., suspended ceilings, suspended  ceiling 

supporting members, lighting fixtures, conduits, me chanical piping, 

or mechanical ducts. 

7. Support within 12 in [300 mm] of changes of dire ction, and within 12 

in [300 mm] of each enclosure to which connected. 

8. Close ends of empty conduit with plugs or caps a t the rough-in stage 

until wires are pulled in, to prevent entry of debr is. 
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9. Conduit installations under fume and vent hoods are prohibited. 

10. Secure conduits to cabinets, junction boxes, pu ll-boxes, and outlet 

boxes with bonding type locknuts. For rigid and IMC  conduit 

installations, provide a locknut on the inside of t he enclosure, made 

up wrench tight. Do not make conduit connections to  junction box 

covers. 

11. Flashing of penetrations of the roof membrane i s specified in Section 

07 60 00, FLASHING AND SHEET METAL. 

12. Conduit bodies shall only be used for changes i n direction, and shall 

not contain splices. 

D. Conduit Bends: 

1. Make bends with standard conduit bending machine s. 

2. Conduit hickey may be used for slight offsets an d for straightening 

stubbed out conduits. 

3. Bending of conduits with a pipe tee or vise is p rohibited. 

3.3 CONCEALED WORK INSTALLATION  

A. In Concrete: 

1. Conduit: Rigid steel, IMC, or EMT. Do not instal l EMT in concrete 

slabs that are in contact with soil, gravel, or vap or barriers. 

2. Align and run conduit in direct lines. 

3. Install conduit through concrete beams only: 

a. Where shown on the structural drawings. 

b. As approved by the Resident Engineer prior to co nstruction, and 

after submittal of drawing showing location, size, and position of 

each penetration. 

4. Installation of conduit in concrete that is less  than 3 in [75 mm] 

thick is prohibited. 

a. Conduit outside diameter larger than one-third o f the slab 

thickness is prohibited. 

b. Space between conduits in slabs: Approximately s ix conduit 

diameters apart, and one conduit diameter at condui t crossings.  

c. Install conduits approximately in the center of the slab so that 

there will be a minimum of 0.75 in [19 mm] of concr ete around the 

conduits. 

5. Make couplings and connections watertight. Use t hread compounds that 

are UL approved conductive type to ensure low resis tance ground 

continuity through the conduits. Tightening setscre ws with pliers is 

prohibited. 
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B. Above Furred or Suspended Ceilings and in Walls:  

1. Conduit for conductors above 600 V: Rigid steel.   Mixing different 

types of conduits indiscriminately in the same syst em is prohibited. 

2. Conduit for conductors 600 V and below: Rigid st eel, IMC, or EMT. 

Mixing different types of conduits indiscriminately  in the same 

system is prohibited. 

3. Align and run conduit parallel or perpendicular to the building 

lines. 

4. Connect recessed lighting fixtures to conduit ru ns with maximum 6 ft 

[1.8 M] of flexible metal conduit extending from a junction box to 

the fixture. 

5. Tightening setscrews with pliers is prohibited. 

3.4 EXPOSED WORK INSTALLATION 

A. Unless otherwise indicated on the drawings, expo sed conduit is only 

permitted in mechanical and electrical rooms. 

B. Conduit for Conductors above 600 V: Rigid steel.  Mixing different types 

of conduits indiscriminately in the system is prohi bited. 

C. Conduit for Conductors 600 V and Below: Rigid st eel, IMC, or EMT. Mixing 

different types of conduits indiscriminately in the  system is 

prohibited. 

D. Align and run conduit parallel or perpendicular to the building lines. 

E. Install horizontal runs close to the ceiling or beams and secure with 

conduit straps. 

F. Support horizontal or vertical runs at not over 8 ft [2.4 M] intervals. 

G. Surface metal raceways: Use only where shown. 

H. Painting: 

1. Paint exposed conduit as specified in Section 09  91 00, PAINTING. 

2. Paint all conduits containing cables rated over 600 V safety orange. 

Refer to Section 09 91 00, PAINTING for preparation , paint type, and 

exact color. In addition, paint legends, using 2 in  [50 mm] high 

black numerals and letters, showing the cable volta ge rating. Provide 

legends where conduits pass through walls and floor s and at maximum 

20 ft [6 M] intervals in between. 

3.5 DIRECT BURIAL INSTALLATION 

   A. Refer to Section 26 05 41, UNDERGROUND ELECTR ICAL CONSTRUCTION. 

3.6 HAZARDOUS LOCATIONS 

A. Use rigid steel conduit only, notwithstanding re quirements otherwise 

specified in this or other sections of these specif ications. 



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

26 05 33 - 9 

B. Install UL approved sealing fittings that preven t passage of explosive 

vapors in hazardous areas equipped with explosion-p roof lighting 

fixtures, switches, and receptacles, as required by  the NEC. 

3.7 WET OR DAMP LOCATIONS 

A. Unless otherwise shown, use conduits of rigid st eel or IMC. 

B. Provide sealing fittings to prevent passage of w ater vapor where 

conduits pass from warm to cold locations, i.e., re frigerated spaces, 

constant-temperature rooms, air-conditioned spaces,  building exterior 

walls, roofs, or similar spaces. 

C. Unless otherwise shown, use rigid steel or IMC c onduit within 5 ft [1.5 

M] of the exterior and below concrete building slab s in contact with 

soil, gravel, or vapor barriers. Conduit shall be h alf-lapped with 10 

mil PVC tape before installation. After installatio n, completely recoat 

or retape any damaged areas of coating. 

3.8 MOTORS AND VIBRATING EQUIPMENT 

A. Use flexible metal conduit for connections to mo tors and other 

electrical equipment subject to movement, vibration , misalignment, 

cramped quarters, or noise transmission.  

B. Use liquid-tight flexible metal conduit for inst allation in exterior 

locations, moisture or humidity laden atmosphere, c orrosive atmosphere, 

water or spray wash-down operations, inside airstre am of HVAC units, and 

locations subject to seepage or dripping of oil, gr ease, or water. 

Provide a green equipment grounding conductor with flexible metal 

conduit. 

3.9 EXPANSION JOINTS 

A. Conduits 3 in [75 mm] and larger that are secure d to the building 

structure on opposite sides of a building expansion  joint require 

expansion and deflection couplings. Install the cou plings in accordance 

with the manufacturer's recommendations. 

B. Provide conduits smaller than 3 in [75 mm] with junction boxes on both 

sides of the expansion joint. Connect conduits to j unction boxes with 

sufficient slack of flexible conduit to produce 5 i n [125 mm] vertical 

drop midway between the ends. Flexible conduit shal l have a bonding 

jumper installed. In lieu of this flexible conduit,  expansion and 

deflection couplings as specified above for conduit s 15 in [375 mm] and 

larger are acceptable. 

C. Install expansion and deflection couplings where  shown. 
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3.10 CONDUIT SUPPORTS, INSTALLATION  

A. Safe working load shall not exceed one-quarter o f proof test load of 

fastening devices. 

B. Use pipe straps or individual conduit hangers fo r supporting individual 

conduits. 

C. Support multiple conduit runs with trapeze hange rs. Use trapeze hangers 

that are designed to support a load equal to or gre ater than the sum of 

the weights of the conduits, wires, hanger itself, and 200 lbs [90 kg]. 

Attach each conduit with U-bolts or other approved fasteners. 

D. Support conduit independently of junction boxes,  pull-boxes, fixtures, 

suspended ceiling T-bars, angle supports, and simil ar items. 

E. Fasteners and Supports in Solid Masonry and Conc rete: 

1. New Construction: Use steel or malleable iron co ncrete inserts set in 

place prior to placing the concrete. 

2. Existing Construction: 

a. Steel expansion anchors not less than 0.25 in [6  mm] bolt size and 

not less than 1.125 in [28 mm] embedment. 

b. Power set fasteners not less than 0.25 in [6 mm]  diameter with 

depth of penetration not less than 3 in [75 mm]. 

c. Use vibration and shock-resistant anchors and fa steners for 

attaching to concrete ceilings. 

F. Hollow Masonry: Toggle bolts.  

G. Bolts supported only by plaster or gypsum wallbo ard are not acceptable. 

H. Metal Structures: Use machine screw fasteners or  other devices 

specifically designed and approved for the applicat ion. 

I. Attachment by wood plugs, rawl plug, plastic, le ad or soft metal 

anchors, or wood blocking and bolts supported only by plaster is 

prohibited. 

J. Chain, wire, or perforated strap shall not be us ed to support or fasten 

conduit. 

K. Spring steel type supports or fasteners are proh ibited for all uses 

except horizontal and vertical supports/fasteners w ithin walls. 

L. Vertical Supports: Vertical conduit runs shall h ave riser clamps and 

supports in accordance with the NEC and as shown. P rovide supports for 

cable and wire with fittings that include internal wedges and retaining 

collars. 

3.11 BOX INSTALLATION  

A. Boxes for Concealed Conduits: 
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1. Flush-mounted. 

2. Provide raised covers for boxes to suit the wall  or ceiling, 

construction, and finish. 

B. In addition to boxes shown, install additional b oxes where needed to 

prevent damage to cables and wires during pulling-i n operations.  

C. Remove only knockouts as required and plug unuse d openings. Use threaded 

plugs for cast metal boxes and snap-in metal covers  for sheet metal 

boxes. 

D. Outlet boxes mounted back-to-back in the same wa ll are prohibited. A 

minimum 24 in [600 mm] center-to-center lateral spa cing shall be 

maintained between boxes.  

E. Minimum size of outlet boxes for ground fault in terrupter (GFI) 

receptacles is 4 in [100 mm] square x 2.125 in [55 mm] deep, with device 

covers for the wall material and thickness involved . 

F. Stencil or install phenolic nameplates on covers  of the boxes identified 

on riser diagrams; for example "SIG-FA JB No. 1."  

G. On all branch circuit junction box covers, ident ify the circuits with 

black marker. 

- - - E N D - - - 
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SECTION 26 05 41 
UNDERGROUND ELECTRICAL CONSTRUCTION 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. This section specifies the furnishing, installat ion, and connection of 

precast manholes and pullboxes with ducts to form a  complete 

underground raceway system. 

B. “Duct” and “conduit,” and “rigid metal conduit” and “rigid steel 

conduit” are used interchangeably in this specifica tion. 

1.2 RELATED WORK  

A. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL IN STALLATIONS: General 

electrical requirements and items that are common t o more than one 

section of Division 26. 

B. Section 26 05 26, GROUNDING AND BONDING FOR ELEC TRICAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

for possible ground fault currents.  

C. Section 26 05 33, RACEWAY AND BOXES FOR ELECTRIC AL SYSTEMS: Conduits, 

fittings and boxes for raceway systems. 

1.3 QUALITY ASSURANCE 

A. Refer to Paragraph, QUALIFICATIONS, in Section 2 6 05 11, REQUIREMENTS 

FOR ELECTRICAL INSTALLATIONS. 

B. Coordinate layout and installation of ducts, man holes, pullboxes, and 

pull-boxes with final arrangement of other utilitie s, site grading, and 

surface features, as determined in the field. 

1.4 SUBMITTALS 

A. Submit in accordance with Section 26 05 11, REQU IREMENTS FOR ELECTRICAL 

INSTALLATIONS.  

B. Shop Drawings:  

1. Clearly present sufficient information to determ ine compliance with 

drawings and specifications. 

2. Include manholes, pullboxes, duct materials, and  hardware. Submit 

plan and elevation drawings, showing openings, pull ing irons, cable 

supports, cover, ladder, sump, and other accessorie s and details. 
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3. Proposed deviations from details on the drawings  shall be clearly 

marked on the submittals. If it is necessary to loc ate manholes or 

pullboxes at locations other than shown on the draw ings, show the 

proposed locations accurately on scaled site drawin gs, and submit 

four copies to the Resident Engineer for approval p rior to 

construction. 

C. Certifications: Two weeks prior to the final ins pection, submit four 

copies of the following certifications to the Resid ent Engineer:  

1. Certification by the manufacturer that the mater ials conform to the 

requirements of the drawings and specifications.  

2. Certification by the contractor that the materia ls have been 

properly installed, connected, and tested.  

1.5 APPLICABLE PUBLICATIONS 

A. Publications listed below (including amendments,  addenda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only.  

B. American Concrete Institute (ACI):  

 Building Code Requirements for Structural Concrete  

318/318M-05.............Building Code Requirements for Structural 

Concrete & Commentary 

SP-66-04................ACI Detailing Manual 

C. American National Standards Institute (ANSI): 

77-07...................Underground Enclosure Integ rity 

D. American Society for Testing and Materials (ASTM ): 

C478-09.................Standard Specification for Precast Reinforced 

Concrete Manhole Sections 

C858-09.................Underground Precast Concret e Utility Structures 

C990-09.................Standard Specification for Joints for Concrete 

Pipe, Manholes and Precast Box Sections Using 

Preformed Flexible Joint Sealants. 

E. Institute of Electrical and Electronic Engineers  (IEEE): 

C2-07  .................National Electrical Safety Code 



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

26 05 41 - 3 

F. National Electrical Manufacturers Association (N EMA):  

TC 2-03.................Electrical Polyvinyl Chlori de (PVC) Tubing And 

Conduit 

TC 3-2004...............PVC Fittings for Use With R igid PVC Conduit And 

Tubing  

TC 6 & 8 2003...........PVC Plastic Utilities Duct For Underground 

Installations  

TC 9-2004...............Fittings For PVC Plastic Ut ilities Duct For 

Underground Installation  

G. National Fire Protection Association (NFPA):  

70-08...................National Electrical Code (N EC)  

H. Underwriters Laboratories, Inc. (UL):  

6-07....................Electrical Rigid Metal Cond uit-Steel 

467-07..................Grounding and Bonding Equip ment 

651-05..................Schedule 40 and 80 Rigid PV C Conduit and 

Fittings 

651A-00.................Type EB and A Rigid PVC Con duit and HDPE 

Conduit 

651B-07.................Continuous Length HDPE Cond uit 

I. U.S. General Services Administration (GSA):  

A-A-60005-1998..........Frames, Covers, Gratings, S teps, Sump and Catch 

Basin, Manhole 

1.6 STORAGE 

A. Lift and support pre-cast concrete structures on ly at designated 

lifting or supporting points. 

PART 2 - PRODUCTS  

2.1 DUCTS  

A. Number and sizes shall be as shown on drawings.  

B. Ducts (concrete-encased): 

1. Plastic Duct: 

a. NEMA TC6 & 8 and TC9 plastic utilities duct. 

b. Duct shall be suitable for use with 194˚ F [90˚ C] rated 

conductors. 

2. Conduit Spacers: Prefabricated plastic. 
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2.2 GROUNDING  

A. Rods: Per Section 26 05 26, GROUNDING AND BONDIN G FOR ELECTRICAL 

SYSTEMS. 

B. Ground Wire: Stranded bare copper 6 AWG [16 mm²]  minimum. 

2.3 WARNING TAPE 

A. Standard 4-mil polyethylene 3 in [76 mm] wide detec table tape, red with 

black letters, imprinted with “CAUTION - BURIED ELE CTRIC CABLE BELOW” 

or similar. 

2.4 PULL ROPE FOR SPARE DUCTS 

A. Plastic with 200 lb [890 N] minimum tensile strengt h. 

PART 3 - EXECUTION  

3.1 TRENCHING  

A.  Refer to Section 31 20 00, EARTH MOVING for trenchi ng, backfilling, and 

compaction. 

B.  Before performing trenching work at existing facili ties, the Ground 

Penetrating Radar Survey shall be carefully perform ed by certified 

technician to reveal all existing underground ducts , conduits, cables, 

and other utility systems. 

C.   Work with extreme care near existing ducts, condui ts, cables, and 

other utilities to avoid damaging them.  

D. Cut the trenches neatly and uniformly.  

E. For Concrete-Encased Ducts:  

1. After excavation of the trench, stakes shall be driven in the bottom 

of the trench at 4 ft [1.2 M] intervals to establis h the grade and 

route of the duct bank. 

2. Pitch the trenches uniformly toward manholes or both ways from high 

points between manholes for the required duct line drainage. Avoid 

pitching the ducts toward buildings wherever possib le.  

3. The walls of the trench may be used to form the side walls of the 

duct bank, provided that the soil is self-supportin g and that 

concrete envelope can be poured without soil inclus ions. Forms are 

required where the soil is not self-supporting.  

4. After the concrete-encased duct has sufficiently  cured, the trench 

shall be backfilled to grade with earth, and approp riate warning 

tape installed. 
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F. Conduits to be installed under existing paved ar eas and roads that 

cannot be disturbed shall be jacked into place. Con duits shall be heavy 

wall rigid steel. 

3.2 DUCT INSTALLATION  

A. General Requirements: 

1. Ducts shall be in accordance with the NEC and IE EE C2, as shown on 

the drawings, and as specified.  

2. Slope ducts to drain towards manholes and pullbo xes, and away from 

building and equipment entrances. Pitch not less th an 4 in [100 mm] 

in 100 ft [30 M].  

3. Underground conduit stub-ups and sweeps to equip ment inside of 

buildings shall be taped galvanized rigid steel, an d shall extend a 

minimum of 5 ft [1.5 M] outside the building founda tion. Tops of 

conduits below building slab shall be minimum 24 in  [610 mm] below 

bottom of slab. 

4. Stub-ups, sweeps, and risers to equipment mounte d on outdoor 

concrete slabs shall be taped galvanized rigid stee l, and shall 

extend a minimum of 5 ft [1.5 M] away from the edge  of slab. 

5. Install insulated grounding bushings on the term inations. 

6. Radius for turns of direction shall be sufficien t to accomplish 

pulls without damage. Minimum radius shall be six t imes conduit 

diameter. Use manufactured long sweep bends. 

7. Additional burial depth shall be required in ord er to accomplish 

NEC-required minimum bend radius of ducts. 

8. All multiple conduit runs shall have conduit spa cers. Spacers shall 

securely support and maintain uniform spacing of th e duct assembly a 

minimum of 3 in [75 mm] above the bottom of the tre nch during the 

concrete pour. Spacer spacing shall not exceed 5 ft  [1.5 M]. Secure 

spacers to ducts and earth to prevent floating duri ng concrete pour. 

Provide nonferrous tie wires to prevent displacemen t of the ducts 

during pouring of concrete. Tie wires shall not act  as substitute 

for spacers. 

9. Duct lines shall be installed no less than 12 in  [300 mm] from other 

utility systems, such as water, sewer, and chilled water. 
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10. Clearances between individual ducts:  

a. For like services, not less than 3 in [75 mm].  

b. For power and signal services, not less than 6 i n [150 mm].  

11. Duct lines shall terminate at window openings i n manhole walls as 

shown on the drawings. All ducts shall be fitted wi th end bells.  

12. Couple the ducts with proper couplings. Stagger  couplings in rows 

and layers to ensure maximum strength and rigidity of the duct bank. 

13. Keep ducts clean of earth, sand, or gravel, and  seal with tapered 

plugs upon completion of each portion of the work. 

14. Seal conduits, including spare conduits, at bui lding entrances and 

at outdoor equipment terminations with a suitable c ompound to 

prevent entrance of moisture and gases.  

B. Concrete-Encased Ducts and Conduits:  

1. Install concrete-encased ducts for medium-voltag e systems, low-

voltage systems, and signal systems, unless otherwi se shown on the 

drawings.  

2. Duct lines shall consist of single or multiple d uct assemblies 

encased in concrete. Ducts shall be uniform in size  and material 

throughout the installation.  

3. Tops of concrete-encased ducts shall be: 

a. Not less than 24 in [600 mm] and not less than s hown on the 

drawings, below finished grade. 

b. Not less than 30 in [750 mm] and not less than s hown on the 

drawings, below roads and other paved surfaces. 

c. Conduits crossing under grade slab construction joints shall be 

installed a minimum of 4 ft [1.2 M] below slab. 

4. Extend the concrete envelope encasing the ducts not less than 3 in 

[75 mm] beyond the outside walls of the outer ducts  and conduits.  

5. Within 10 ft [3 M] of building manhole and pullb ox wall 

penetrations, install reinforcing steel bars at the  top and bottom 

of each concrete envelope to provide protection aga inst vertical 

shearing. 

6. Install reinforcing steel bars at the top and bo ttom of each 

concrete envelope of all ducts underneath roadways and parking 

areas.  
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7. Where new ducts, conduits, and concrete envelope s are to be joined 

to existing manholes, pullboxes, ducts, conduits, a nd concrete 

envelopes, make the joints with the proper fittings  and fabricate 

the concrete envelopes to ensure smooth durable tra nsitions.  

8. Conduit joints in concrete may be placed side by  side horizontally, 

but shall be staggered at least 6 in [150 mm] verti cally. 

9. Pour each run of concrete envelope between manho les or other 

terminations in one continuous pour. If more than o ne pour is 

necessary, terminate each pour in a vertical plane and install 0.75 

in [19 mm] reinforcing rod dowels extending 18 in [ 450 mm] into 

concrete on both sides of joint near corners of env elope. 

10. Pour concrete so that open spaces are uniformly  filled. Do not 

agitate with power equipment unless approved by Res ident Engineer. 

  11. Duct Bank Markers: 

a. Duct bank markers, where required and shown on p lans, shall be 

located at the ends of duct banks except at manhole s or pullboxes 

at approximately every 200 ft [60 M] along the duct  run and at 

each change in direction of the duct run. Markers s hall be placed 

2 ft [0.6 M] to the right of the duct bank, facing the 

longitudinal axis of the run in the direction of th e electrical 

load. 

b. The letter”D” with two arrows shall be impressed  or cast on top 

of the marker. One arrow shall be located below the  letter and 

shall point toward the ducts. The second arrow shal l be located 

adjacent to the letter and shall point in a directi on parallel to 

the ducts. The letter and arrow adjacent to it shal l each be 

approximately 2 in [75 mm] long. The letter and arr ows shall be 

V-shaped, and shall have a width of stroke at least  0.75 in [6 

mm] at the top and a depth of 0.25 in [6 mm]. 

c. In paved areas, the top of the duct markers shal l be flush with 

the finished surface of the paving. 

d. Where the duct bank changes direction, the arrow  located adjacent 

to the letter shall be cast or impressed with an an gle in the 

arrow equivalent to the angular change of the duct bank. 
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C. Concrete-Encased Duct and Conduit Identification : Place continuous 

strip of warning tape approximately 12 in [300 mm] above ducts or 

conduits before backfilling trenches. Warning tape shall be preprinted 

with proper identification. 

D. Spare Ducts and Conduits: Where spare ducts are shown, they shall have 

a nylon pull rope installed. They shall be capped a t each end and 

labeled as to location of the other end. 

E. Duct and Conduit Cleaning:  

1. Upon completion of the duct installation, a stan dard flexible 

mandrel shall be pulled through each duct to loosen  particles of 

earth, sand, or foreign material left in the duct. The mandrel shall 

be not less than 12 in [3600 mm] long, and shall ha ve a diameter not 

less than 0.5 in [13 mm] less than the inside diame ter of the duct. 

A brush with stiff bristles shall then be pulled th rough each duct 

to remove the loosened particles. The diameter of t he brush shall be 

the same as, or slightly larger than, the diameter of the duct. 

2. Mandrel pulls shall be witnessed by the Resident  Engineer. 

G. Duct and Conduit Sealing: Seal the ducts and con duits at building 

entrances, and at outdoor terminations for equipmen t, with a suitable 

non-hardening compound to prevent the entrance of m oisture and gases. 

H. Connections to Existing Manholes: For duct conne ctions to existing 

manholes, break the structure wall out to the dimen sions required and 

preserve the steel in the structure wall. Cut steel  and extend into the 

duct bank envelope. Chip the perimeter surface of t he duct bank opening 

to form a key or flared surface, providing a positi ve connection with 

the duct bank envelope. 

I. Connections to Existing Ducts: Where connections  to existing duct banks 

are indicated, excavate around the duct banks as ne cessary. Cut off the 

ducts and remove loose concrete from inside before installing new 

ducts. Provide a reinforced-concrete collar, poured  monolithically with 

the new ducts, to take the shear at the joint of th e duct banks. 
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J. Partially-Completed Duct Banks: During construct ion, wherever a 

construction joint is necessary in a duct bank, pre vent debris such as 

mud and dirt from entering ducts by providing suita ble conduit plugs. 

Fit concrete envelope of a partially completed duct  bank with 

reinforcing steel extending a minimum of 2 ft [0.6 M] back into the 

envelope and a minimum of 2 ft [0.6 M] beyond the e nd of the envelope. 

Provide one No. 4 bar in each corner, 3 in [75 mm] from the edge of the 

envelope. Secure corner bars with two No. 3 ties, s paced approximately 

12 in [300 mm] apart. Restrain reinforcing assembly  from moving during 

pouring of concrete. 

- - - E N D - - - 
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SECTION 26 05 73 
OVERCURRENT PROTECTIVE DEVICE COORDINATION STUDY 

 
PART 1 - GENERAL 

1.1 DESCRIPTION 

A. This section specifies the overcurrent protectiv e device coordination 

study, indicated as the study in this section. 

B. A short-circuit and selective coordination study  shall be prepared for 

the electrical overcurrent devices to be installed under this project. 

C. The study shall present a well-coordinated time- current analysis of 

each overcurrent protective device from the individ ual device up to the 

utility source and the on-site generator sources. 

1.2 RELATED WORK 

A. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL IN STALLATIONS: General 

electrical requirements that are common to more tha n one section of 

Division 26. 

B. Section 26 13 13, MEDIUM-VOLTAGE CIRCUIT BREAKER  SWITCHGEAR: Medium-

voltage circuit breaker switchgear. 

1.3 QUALITY ASSURANCE 

A. Refer to Paragraph, QUALIFICATIONS (PRODUCTS AND  SERVICES), in Section 

26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS . 

B. The study shall be prepared by the equipment man ufacturer. 

1.4 SUBMITTALS 

A. Submit six copies of the following in accordance  with Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS. 

1. Product data on the software program to be used for the study. 

Software shall be in mainstream use in the industry , shall provide 

device settings and ratings, and shall show selecti ve coordination 

by time-current drawings. 

2. Complete study as described in paragraph 1.6.  S ubmittal of the 

study shall be well-coordinated with submittals of the shop drawings 

for equipment in related specification sections.   

3. Certifications: Two weeks prior to final inspect ion, submit the 

following.  

a. Certification by the Contractor that the overcur rent protective 

devices have been set in accordance with the approv ed study. 
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1.5 APPLICABLE PUBLICATIONS 

A. Publications listed below (including amendments,  addenda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only.  

B. Institute of Electrical and Electronics Engineer s (IEEE):  

242-01..................Protection and Coordination  of Industrial and 

Commercial Power Systems 

399-97..................Industrial and Commercial P ower Systems 

Analysis 

1584a-04................Guide for Performing Arc-Fl ash Hazard 

Calculations 

1.6 STUDY REQUIREMENTS 

A. The study shall include one line diagram, short- circuit and ground 

fault analysis, and protective coordination plots f or all overcurrent 

protective devices. 

B. One Line Diagram: 

1. Show all electrical equipment and wiring to be p rotected by the 

overcurrent devices.  

2. Show the following specific information: 

a. Calculated fault impedance, X/R ratios, and shor t-circuit values 

at each feeder and branch circuit bus. 

b. Relay, circuit breaker, and fuse ratings. 

c. Generator kW/kVA and transformer kVA and voltage  ratings, percent 

impedance, X/R ratios, and wiring connections. 

d. Voltage at each bus. 

e. Identification of each bus, matching the identif ication on the 

drawings. 

f. Conduit, conductor, and busway material, size, l ength, and X/R 

ratios. 

C. Short-Circuit Study: 

1. The study shall be performed using computer soft ware designed for 

this purpose.  Pertinent data and the rationale emp loyed in 

developing the calculations shall be described in t he introductory 

remarks of the study. 
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2. Calculate the fault impedance to determine the a vailable short-

circuit and ground fault currents at each bus.  Inc orporate 

applicable motor and/or generator contribution in d etermining the 

momentary and interrupting ratings of the overcurre nt protective 

devices. 

3. Present the results of the short-circuit study i n a table.  Include 

the following: 

a. Device identification. 

b. Operating voltage. 

c. Overcurrent protective device type and rating. 

d. Calculated short-circuit current. 

D. Coordination Curves: 

1. Prepare the coordination curves to determine the  required settings 

of overcurrent protective devices to demonstrate se lective 

coordination. Graphically illustrate on log-log pap er that adequate 

time separation exists between devices, including t he utility 

company upstream device if applicable.  Plot the sp ecific 

time-current characteristics of each overcurrent pr otective device 

in such a manner that all devices are clearly depic ted. 

2. The following specific information shall also be  shown on the 

coordination curves: 

a. Device identification. 

b. Potential transformer and current transformer ra tios. 

c. Three-phase and single-phase ANSI damage points or curves for 

each cable, transformer, or generator. 

d. Applicable circuit breaker or protective relay c haracteristic 

curves. 

e. No-damage, melting, and clearing curves for fuse s. 

f. Transformer in-rush points. 

3. Develop a table to summarize the settings select ed for the 

overcurrent protective devices. Include the followi ng in the table: 

a. Device identification. 

b. Protective relay or circuit breaker potential an d current 

transformer ratios, sensor rating, and available an d suggested 

pickup and delay settings for each available trip c haracteristic. 
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c. Fuse rating and type. 

1.7 ANALYSIS 

A. Analyze the short-circuit calculations, and high light any equipment 

determined to be underrated as specified.  Propose solutions to 

effectively protect the underrated equipment.  

1.8 ADJUSTMENTS, SETTINGS, AND MODIFICATIONS  

A. Final field settings and minor modifications of the overcurrent 

protective devices shall be made to conform with th e study, without 

additional cost to the Government. 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION (NOT USED) 

---END--- 
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SECTION 26 13 13 
MEDIUM-VOLTAGE CIRCUIT BREAKER SWITCHGEAR 

 
PART 1 - GENERAL 

1.1 DESCRIPTION 

A. This section specifies the furnishing, installat ion, connection, and 

testing of medium-voltage circuit breaker switchgea r, indicated as 

switchgear in this section. 

B. Sequence of Operation:  

1. Normal operation – Both utility main breakers ar e closed, tie-

breaker is open, and generator breaker is open.   

2. The two main utility circuit breakers shall moni tor the status of 

the utility feeders serving them and automatically switch all 

breakers. 

3. Loss of both utility feeders – If a utility fail ure occurs and 

neither feeder is energized, the standby generator will go 

through startup and transfer sequence.  Start gener ator, open 

utility main breakers, close tie-breaker, and close  generator 

breaker.  On return of power – time adjustable retu rn to main 

utility power, provide closed transition return to utility 

(opening generator and tie-breaker breakers and clo sing main 

utility breakers).  Once the utility returns to nor mal, the 

generator shall soft load back to the utility witho ut an 

interruption of service.  Provide coordination with  Xcel Energy 

for closed transition return per Xcel Energy’s requ irements.  

Also provide keyed manual operation with selector s witch to do 

these operations. 

4. Loss of one utility feeder – open utility breake r (that is lost), 

other utility breaker shall remain closed, and clos e tie-breaker.  

On return of power – provide closed transition retu rn to both 

utility feeders (open tie-breaker and close utility  breaker). 

Provide coordination with Xcel Energy for closed tr ansition 

return per Xcel Energy’s requirements. Also provide  keyed manual 

operation with selector switch to do these operatio ns. 
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C. Installation must meet Xcel Energy’s requirement s.  See Xcel Energy 

Distribution Engineering Specification: Customer ow ned medium voltage 

switchgear and metering document (Dated 4/4/2013). 

D. Provide all control for complete system.  Provid e all relays, auxiliary 

switch contacts, coils, check switches, motor limit  switches, motor 

cutoff switches, control power, monitoring devices and displays, 

control switches, etc for complete and operational system. 

E. Provide coordination with Xcel Energy Distributi on Delivery system.  

Relays and control shall be set to Xcel Energy appr oved parameters. 

F. Provide multi-function relays with event logging  that displays events 

with time and date.  

G.  Monitor all three phases of incoming power on b oth utility feeders. 

1.2 RELATED WORK 

  A. Section 03 30 00, CAST-IN-PLACE CONCRETE:  Req uirements for concrete 

equipment pads. 

B. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL IN STALLATIONS: 

Requirements that apply to all sections of Division  26. 

C. Section 26 05 13, MEDIUM-VOLTAGE CABLES: Medium- voltage cables and 

terminations. 

D. Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER C ONDUCTORS AND CABLES: 

Low-voltage conductors. 

E. Section 26 05 26, GROUNDING AND BONDING FOR ELEC TRICAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

to ground for possible ground fault currents. 

1.3 QUALITY ASSURANCE  

A. Refer to Paragraph, QUALIFICATIONS (PRODUCTS AND  SERVICES), in Section 

26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS . 

1.4 FACTORY TESTS 

A. Switchgear shall be thoroughly tested at the fac tory, with the circuit 

breakers in the connected position in their cubicle s.  Tests shall be 

in accordance with ANSI C37.54 and C37.55, and IEEE  C37.09. Factory 

tests shall be certified, and shall include the fol lowing tests: 

1. Design tests. 

2. Production tests. 

3. Conformance tests. 
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B. The following additional tests shall be performe d: 

1. Verify that circuit breaker sizes and types corr espond to drawings, 

and the Overcurrent Protective Device Coordination Study. 

2. Verify that current and voltage transformer rati os correspond to 

drawings. 

3. Verify tightness of bolted electrical connection s by calibrated 

torque-wrench method in accordance with manufacture r’s published 

data. 

  4. Confirm correct operation and sequencing of ke y-type mechanical 

interlock systems for multiple circuit breakers by attempting 

closure on locked-open devices, and attempting to o pen locked-closed 

devices, and making key exchange with devices opera ted in off-normal 

positions. 

5. Verify correct barrier and shutter installation and operation. 

6. Exercise all active components. 

7. Inspect indicating devices for correct operation . 

8. Perform an insulation-resistance test, phase to ground, on each bus 

section, with phases not under test grounded, in ac cordance with 

manufacturer’s published data. 

9. Perform insulation-resistance tests on control w iring with respect 

to ground. Applied potential shall be 500 V DC for 300-volt rated 

cable and 1000 V DC for 600-volt rated cable, or as  required if 

solid-state components or control devices cannot to lerate the 

applied voltage. 

10. Verify correct function of control transfer rel ays located in the 

switchgear with multiple control power sources. 

11. Perform phasing checks on double-ended or dual- source switchgear to 

insure correct bus phasing from each source. 

C. Furnish four (4) copies of certified manufacture r's factory test 

reports to the Resident Engineer prior to shipment of the switchgear to 

ensure that the switchgear has been successfully te sted as specified. 

 
1.5 SUBMITTALS 

A. Submit six copies of the following in accordance  with Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS. 

1. Shop Drawings: 
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a. Switchgear shop drawings shall be submitted simu ltaneously with 

coordination with Xcel Energy. 

b. Submit sufficient information to demonstrate com pliance with 

drawings and specifications. 

c. Prior to fabrication of switchgear, submit the f ollowing data for 

approval: 

1) Complete electrical ratings. 

2) Circuit breaker sizes. 

3) Interrupting ratings. 

4) Safety features. 

5) Control schematics. 

6) Accessories and nameplate data. 

7) Switchgear one line and three line diagrams, sho wing ampere 

rating, number of bars per phase and neutral in eac h bus run 

(horizontal and vertical), bus spacing, equipment g round bus, 

and bus material. 

8) Elementary and interconnection wiring diagrams. 

9) Technical data for each component. 

 10)Dimensioned exterior views of the switchgear. 

11) Dimensioned section views of the switchgear. 

12) Floor plan of the switchgear. 

13) Foundation plan for the switchgear. 

14) Provisions and required locations for external conduit and 

wiring entrances. 

15) Approximate design weights. 

16) Bill of Materials. 

  d. Obtain and submit written approval from the el ectric utility 

company, that the equipment and material interface with the 

customer meets with their requirements and approval . 

2. Manuals: 

a. Submit, simultaneously with the shop drawings, c ompanion copies 

of complete maintenance and operating manuals, incl uding 

technical data sheets, wiring diagrams, and informa tion for 

ordering replacement parts. 

1) Three-line diagrams showing device terminal numb ers. 
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2) Schematic signal and control diagrams, with all terminals 

identified, matching terminal identification in the  

switchgear. 

3) Include information for testing, repair, trouble shooting, 

assembly, disassembly, and factory recommended/requ ired 

periodic maintenance procedures and frequency.  

4) Provide a replacement and spare parts list. Incl ude a list of 

tools and instruments for testing and maintenance p urposes.  

b. If changes have been made to the maintenance and  operating 

manuals originally submitted, submit updated mainte nance and 

operating manuals two weeks prior to the final insp ection. 

3. Test Reports: 

a. Submit certified factory design and production t est reports for 

approval. 

b. Two weeks prior to the final inspection, submit certified field 

test reports and data sheets. 

4. Certifications: Two weeks prior to final inspect ion, submit four 

copies of the following. 

a. Certification by the manufacturer that switchgea r conforms to the 

requirements of the drawings and specifications. 

b. Certification by the Contractor that switchgear has been properly 

installed, adjusted, and tested. 

1.6 APPLICABLE PUBLICATIONS 

A. Publications listed below (including amendments,  addenda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by the basic 

designation only. 

B. American National Standards Institute (ANSI): 

C37.54-10...............Indoor Alternating Current High-Voltage Circuit 

Breakers Applied as Removable Elements in 

Metal-Enclosed Switchgear - Conformance Test 

Procedures 

C37.55-10...............Medium-Voltage Metal-Clad A ssemblies - 

Conformance Test Procedures 
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C. Institute of Electrical and Electronics Engineer s (IEEE): 

C37.04-09...............Standard for Rating Structu re for AC 

High-Voltage Circuit Breakers   

C37.09-11...............Standard Test Procedure for  AC High-Voltage 

Circuit Breakers Rated on a Symmetrical Current 

Basis 

C37.20.2-99.............Standard for Metal-Clad Swi tchgear 

C37.90-06...............Standard for Relays and Rel ay Systems 

Associated with Electric Power Apparatus 

C57.13-93...............Standard Requirements for I nstrument 

Transformers 

D. International Code Council (ICC): 

IBC-12..................International Building Code  

E. National Electrical Manufacturers Association (N EMA): 

C37.06.1-00.............Guide for AC High-Voltage C ircuit Breakers 

Rated on a Symmetrical Current Basis 

C37.57-10...............Switchgear-Metal-Enclosed I nterrupter 

Switchgear Assemblies - Conformance Testing 

LA 1-09.................Surge Arrestors 

SG 4-09.................Alternating-Current High-Vo ltage Circuit 

Breakers  

F. National Fire Protection Association (NFPA): 

70-11...................National Electrical Code (N EC) 

 
PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS 

A. Switchgear shall be in accordance with ANSI, IEE E, NEMA, NFPA, as shown 

on the drawings, and have the following features: 

1. Switchgear shall be a complete, grounded, contin uous-duty, integral 

assembly, metal clad, dead-front, dead-rear, self-s upporting, indoor 

type switchgear assembly. Incorporate devices shown  on the drawings 

and all related components required to fulfill oper ational and 

functional requirements. 

2. Ratings shall not be less than shown on the draw ings. Short circuit 

ratings shall not be less than 250 MVA. 
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3. Switchgear shall conform to the arrangements and  details shown on 

the drawings. 

  4. Coordinate all requirements with the electric utility company 

supplying electrical service to the switchgear.  Th e incoming 

electric utility feeder and revenue metering instal lation shall 

conform to the requirements of the electric utility  company. 

  5. Key-type mechanical interlocks for multiple ci rcuit breakers shall 

be provided. 

6. Switchgear shall be assembled, connected, and wi red at the factory 

so that only external circuit connections are requi red at the 

construction site. Split the structure only as requ ired for shipping 

and installation. Circuit breakers and accessories shall be packaged 

and shipped separately. Packaging shall provide ade quate protection 

against rough handling during shipment. 

7. All non-current-carrying parts shall be grounded  per Section 26 05 

26, GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS fo r additional 

requirements. 

2.2 HOUSING 

A.  Shall have the following features: 

1. Frames and enclosures: 

a. The assembly shall be braced with reinforcing gu ssets using 

bolted connections to assure rectangular rigidity. 

b. The enclosure shall be steel, leveled, and not l ess than the 

gauge required by applicable publications. 

c. Die-pierce the holes for connecting adjacent str uctures to insure 

proper alignment, and to allow for future additions . 

d. All bolts, nuts, and washers shall be zinc-plate d steel. 

2. Cubicles: 

a. An individual cubicle shall be supplied for each  circuit breaker 

and each future circuit breaker as shown on the dra wings. 

Cubicles shall be provided with isolated wireways f or control 

wiring between devices. 

1) Compartment each cubicle so that the circuit bre aker, buses, 

and cable terminations are in separate compartments  with steel 
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partitions or barriers of approved and properly ins talled 

insulation. 

2) Each cubicle furnished with a circuit breaker (a ctive or 

spare) shall be fully equipped as noted on drawings  and 

specified below. 

3) Each cubicle noted as space for future circuit b reaker shall 

be fully equipped for positioning and connecting th e breakers. 

Provide all equipment required to implement the fut ure breaker 

installation, except the relays and meters on the c ubicle 

doors and the associated current transformers. 

4) Each cubicle rear access section shall be provid ed with a wide 

view window.  Provide window(s) at bussing and conn ections for 

ability to use infrared thermal sensors without ope ning door. 

b. Conveniently locate test blocks within each cubi cle for circuit 

breaker wiring connections. 

3. Auxiliary compartments: 

a. Cubicles shall be provided for auxiliaries, mete ring, and 

transition or termination sections as required by t he 

manufacturer, and as shown on drawings.  Cubicles s hall be 

provided with isolated wireways for control wiring between 

devices. 

4. Cubicle doors: 

a. The doors shall permit convenient removal and in terchanging of 

the circuit breakers between cubicles. The doors sh all be capable 

of a swing approaching 180 degrees and shall be pro vided with 

intermediate doorstops. 

b. Each door shall include suitable handles and pad locking 

provisions. Concealed or semi-concealed hinges shal l be provided 

to attach the doors. Weld the hinges to the equipme nt structure 

and to the cubicle doors. 

c. The following equipment shall be mounted on the door of circuit 

breaker cubicles: 

1) A breaker control switch. 

2) Breaker-position-indicator lamps. 

3) Protective relays and/or metering. 
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4) Any additional components indicated in this spec ification, as 

needed for a complete system, or as on the drawings . 

 

 
B. Finish: 

1. All metal surfaces shall be thoroughly cleaned, phosphatized and 

factory primed prior to applying baked enamel or la cquer finish. 

  2. Provide a light gray finish for indoor switchg ear.    

 

2.3 BUS 

A. Bus Bars and Interconnections: 

1. Provide copper buses, fully rated for the ampera ge shown on the 

drawings (1200 A) for entire length of the switchge ar. 

2. Fully insulate and totally enclose the buses wit hin the bus 

compartment of switchgear cubicles. 

3. Mount the buses on appropriately spaced insulato rs and brace to 

withstand the available short circuit currents. 

4. The bus and bus compartment shall be designed so  that the acceptable 

NEMA standard temperature rises are not exceeded. 

5. Install a copper ground bus the full length of t he switchgear 

assembly .  See Xcel Energy’s requirements. 

6. All bolts, nuts, and washers shall be zinc-plate d steel.  Bolts 

shall be torqued to the values recommended by the m anufacturer. 

7. Make provisions for future bus extensions by mea ns of bolt holes or 

other approved method. 

B. Insulation: The insulation shall be a high flame -retardant, self 

extinguishing, high track-resistant material that c omplies with the 

ANSI/IEEE C37.23-87 65 degree C (149 F) temperature  rise.  

C. Control Bus: Extend the control buses to all of the circuit breaker 

cubicles including spare and spaces for future circ uit breakers. 

2.4 CIRCUIT BREAKERS 

A. Breakers that have the same ratings shall be int erchangeable with other 

breakers in that line-up. 

 
B. Circuit breakers shall have the following featur es: 

1. Draw out, vacuum interrupter type. 
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  a. Vacuum: 

1) Three independent sealed high-vacuum interrupter s. 

2) Protect the interrupter contacts from moisture a nd 

contaminated atmospheres. 

3) Readily accessible contact wear indicator for ea ch 

interrupter. 

4) Breaker total interrupting time of 3 cycles. 

5) Maintenance free interrupter. 

6) Contact surfaces to be of special alloys (such a s copper 

chrome) to reduce effect of chopping. 

2. Operating mechanism: 

a. The mechanism shall operate in a quick-make, qui ck-break manner 

and shall be charged by a small universal motor to provide 

stored-energy for breaker operation. Breaker trippi ng, closing, 

and indicating lamps shall be DC operated. 

b. The speed of the contacts during the operation s hall be 

independent of the control voltage and the operator 's movements. 

c. Equip the mechanism for manual opening and closi ng of the 

contacts during loss of normal control power. 

3. Relays:  Comply with IEEE C37.90, integrated dig ital type with test 

blocks and plugs.  Provide ANSI functions as requir ed. 

4. Drawout rails: 

a. Design the rails to guide the breakers to their disconnected, 

test, and connected positions. Provide a positive s top at each of 

the positions by a levering mechanism.  Coordinate rails needed 

in the concrete in front of the gear with the concr ete installer.  

Provide the rails as needed.  

b. The breaker shall maintain contact with ground i n all positions 

through flexible connections and ground shoes. 

c. Make provisions for padlocking the breaker in th e test and 

disconnected position. 

5. Power line and load disconnecting contact finger s and springs: 

a. The contact fingers shall be silver-plated, full -floating, 

self-aligning, self-coupling, and designed for clea ning action 

during engaging and disengaging movements. 
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b. Provide adequate flexibility between stationary and movable 

components to assure proper meeting of the contact fingers, while 

also providing adequate pressure on the contact sur faces. 

6. The stationary contacts for the line and load br eaker contact 

fingers shall be isolated from the breaker compartm ent by shutters 

when the breaker is removed from the connected posi tion. 

7. The control and auxiliary contacts of the breake r shall be silver 

plated, multi-contact, self-coupling, plug and sock et type. The 

contacts shall connect the circuits through termina l blocks that 

shall be conveniently mounted on the breaker for vi sual inspection. 

8. Mechanical interlocks: 

a. Shall prevent the breaker from movement, except when the breaker 

contacts are in the open position. 

b. Shall prevent the breaker from closing the conta cts while in the 

connected position, except when the power line and load 

disconnecting contacts are completely connected. 

C. The interrupting ratings of the breakers shall b e not less than 250 

MVA. 

 
2.5 CURRENT TRANSFORMERS  

A. Provide encapsulated type current transformers o r approved equal. The 

transformers shall have a mechanical and one-second  thermal rating in 

RMS amperes of not less than the momentary and inte rrupting rating of 

the breaker at rated voltage. 

B. Provide transformer ratios as needed. Accuracies  shall be coordinated 

with the associated relays by the switchgear manufa cturer to assure 

proper operation at the selected pick-up and operat ing current ratings. 

2.6 POTENTIAL TRANSFORMERS 

A. The potential transformers shall be encapsulated , drawout, 

disconnecting type, and shall be properly protected  by primary current-

limiting fuses. 

B. When the transformers are withdrawn from the com partment the primary 

terminals shall be grounded. 

C. The transformer ratios and accuracies shall be c oordinated, with the 

associated relays by the switchgear manufacturer. 
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2.7 CONTROL POWER TRANSFORMERS 

A. The control power transformers shall be encapsul ated, drawout, 

disconnecting type and shall be properly protected by primary current-

limiting fuses. 

B. The ratings of the transformer shall be as requi red. 

C. Refer to the drawings for rating and capacity of  the circuit breaker 

equipped panelboard served by the control power tra nsformer. 

D. Equip the control power transformer compartment door with indicating 

lights and nameplates to indicate when the control power is energized. 

  E. Dual Control Power Supplies: 

1. For each of the incoming feeders, provide a sepa rate control power 

transformer. 

2. An automatic transfer switch shall transfer the secondary connected 

load as follows: 

a. While the preferred incoming feeder is energized , the load shall 

be connected to the transformer energized by the fe eder. 

b. While the preferred incoming feeder is de-energi zed and the other 

incoming feeder is energized, the load shall be tra nsferred to 

the energized incoming feeder. 

 
2.8 ELECTRIC UTILITY COMPANY EQUIPMENT 

A. Provide separate cubicles (42” wide per Xcel Ene rgy’s requirements) for 

electric utility company metering equipment. 

B. Provide suitable arrangements within the electri c utility company 

primary metering cubicles for mounting metering equ ipment. Obtain the 

electric utility company's approval of the cubicle arrangements prior 

to fabrication of the switchgear. 

C. Allow access to electric utility company personn el as required for 

installation of utility metering equipment.  

2.9 STATION BATTERY SYSTEM 

A. Batteries: 

1. Provide high discharge rate type maintenance-fre e nickel-cadmium 

batteries. Battery voltage shall be 125 volts nomin al. Calculate the 

battery capacity based on the lowest ambient temper ature in the room 

where it is to be installed. Include a safety margi n of 50 percent 

for reserve capacity. 
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a. Provide sufficient battery capacity to carry all  continuous loads 

(lamps, relays, etc.) for 8 hours and then perform the greater of 

the following duties, with the charger de-energized . 

1) Trip all circuit breakers simultaneously or, 

2) Close the largest breaker in a line-up of four o r less 

breakers, or close the two largest breakers simulta neously in 

a line-up of more than four breakers. Breaker closi ng current 

shall include both the spring release coil current and the 

starting current of the spring charging motor. 

2. Provide battery connector covers for protection against external 

short circuits. 

3. Provide corrosion-resistant steel battery racks.   

B. Battery Charger: 

1. Provide a charger of the full-wave rectifier typ e utilizing silicon 

controlled rectifiers as the power-control elements . Construction 

shall be modular with plug-in control units for eas y replacement. 

2. The charger shall maintain 1/2 of one percent vo ltage regulation 

from no load to full load for line voltage variatio n of 10 percent, 

and frequency variation of 3 Hz from 60 Hz. 

3. The charger shall maintain a nominal float volta ge of 1.4 VDC, and a 

nominal equalizing voltage of 1.5 VDC. 

4. The charger shall be capable of continuous opera tion in an ambient 

temperature of 40 degrees C (104 degrees F) without  derating. The 

charger shall be installed in a convection cooled N EMA Type 1 

ventilated enclosure. The housing is to have a hing ed front door 

with all equipment accessible from the front. 

5. Provide both AC and DC transient protection. Cha rger shall be able 

to recharge a fully discharged battery without trip ping AC 

protective devices. AC circuit breaker shall not tr ip under any DC 

load condition, including short circuit on output t erminals. 

6. The charger shall be capable of supplying the fo llowing demand 

simultaneously: 

a. Recharging a fully discharged battery in 12 hour s. 

b. Supervisory panel and control panel. 

c. Steady loads (indicating lamps, relays, etc.). 
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7. The charger shall have fused AC input and DC out put protection. 

8. The charger shall not discharge the batteries wh en AC power fails. 

9. The charger shall have the following accessories : 

a. On-off control switch with pilot light. 

b. AC power failure alarm light. 

c. High DC voltage alarm light. 

d. Low DC voltage alarm light. 

e. Ground detection switch and alarm light. 

f. DC ammeter - 2 percent accuracy. 

g. DC voltmeter - 2 percent accuracy: Float/equaliz e voltage marked 

in red on voltmeter. 

h. Provisions for activation of remote annunciation  of trouble for 

the above conditions. 

10. Contractor is responsible for provide the appro priate circuit to 

the station batteries as required by actual supplie r.  Overcurrent 

device size shown on drawings may not be correct. 

2.10 METERING 

A. Refer to drawings for meter locations.  Refer to  Xcel Energy for all 

metering requirements and have the design approved by Xcel Energy 

before manufacturing. 

B. As necessary, provide vertical structure with a front hinged door to 

provide safe isolated access to meters and all asso ciated terminal and 

fuse blocks for maintenance, calibration or testing . 

C. Provide current transformers for each meter. Cur rent transformers shall 

be wired to shorting-type terminal blocks. 

D. Provide voltage transformers including primary f uses and secondary 

protective devices for metering as required. 

2.11 CAPACITOR AUTOVAR 

A. Refer to drawings for capacitor AutoVAR location s. Furnish tools and 

accessories required for proper operation. 

B. Cable terminations: 

1. Cable terminations shall conform to the requirem ents in Section 26 

05 13, MEDIUM-VOLTAGE CABLES. 

2. Coordinate cable terminations with the switchgea r being furnished. 
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C. Provide automatic control of capacitors to maint ain a .98 to .99 power 

factor.  Do not allow leading PF. 

2.12 OTHER EQUIPMENT 

A. Furnish tools and accessories required for circu it breaker and 

switchgear test, inspection, maintenance, and prope r operation. 

B. Cable terminations: 

1. Cable terminations shall conform to the requirem ents in Section 26 

05 13, MEDIUM-VOLTAGE CABLES. 

2. Coordinate cable terminations with the switchgea r being furnished. 

C. Medium-voltage surge arresters: 

1. Provide terminations for Xcel Energy’s arresters . 

D. Panelboards: Requirements for panelboards shown to be installed in the 

switchgear shall be as shown on the drawings and in  Section 26 24 16, 

PANELBOARDS. 

E. Circuit breaker removal equipment:  Furnish a po rtable circuit breaker 

removal lift and carriage for installation and remo val of circuit 

breakers. 

2.13 CONTROL WIRING 

 Switchgear control wiring shall not be less than N o. 14 AWG copper 600 

volt rated. Install wiring complete at the factory,  adequately bundled 

and protected. Provide separate control circuit fus es in each breaker 

compartment and locate for ease of access and maint enance. 

2.14 NAMEPLATES AND MIMIC BUS 

A. Nameplates: For Normal Power system, provide lam inated black phenolic 

resin with white core with 12 mm (1/2 inch) engrave d lettered 

nameplates next to each circuit breaker.  For Essen tial Electrical 

System, provide laminated red phenolic resin with w hite core with 12 mm 

(1/2 inch) engraved lettered nameplates next to eac h circuit breaker.  

Nameplates shall indicate equipment served, spaces,  or spares in 

accordance with one line diagram shown on drawings.  Nameplates shall be 

mounted with plated screws on front of breakers or on equipment 

enclosure next to breakers.  Mounting nameplates on ly with adhesive is 

not acceptable. 

B. Mimic Bus: Provide an approved mimic bus on fron t of each switchgear 

assembly. Color shall be black for the Normal Power  system and red for 
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the Essential Electrical System, either factory-pai nted plastic or 

metal strips. Plastic tape shall not be used. Use s ymbols similar to 

one line diagram shown on drawings. Plastic or meta l strips shall be 

mounted with plated screws. 

 
PART 3 - EXECUTION  

3.1 INSTALLATION  

A. Install switchgear in accordance with the NEC, a s shown on the 

drawings, and as recommended by the manufacturer. 

B. Anchor switchgear with rustproof bolts, nuts, an d washers not less than 

12 mm (1/2 inch) diameter, in accordance with manuf acturer’s 

instructions, and as shown on drawings. 

C. Interior Location.  Mount switchgear on concrete  slab as indicated. 

Edges above floor shall have 12.5 mm (1/2 inch) cha mfer. The slab shall 

be of adequate size to project at least 100 mm (8 i nches) beyond the 

equipment. Provide conduit turnups and cable entran ce space required by 

the equipment to be mounted. Seal voids around cond uit openings in slab 

with water- and oil-resistant caulking or sealant. Cut off and bush 

conduits 75mm (3 inches) above slab surface. Concre te work shall be as 

specified in Section 03 30 00, CAST-IN-PLACE CONCRE TE. 

3.2 ACCEPTANCE CHECKS AND TESTS  

A. An authorized representative of the switchgear m anufacturer shall 

technically supervise and participate during all of  the field 

adjustments and tests. Major adjustments and field tests shall be 

witnessed by the Resident Engineer.  The manufactur er’s representative 

shall certify in writing that the equipment has bee n installed, 

adjusted and tested in accordance with the manufact urer’s 

recommendations. 

  B. Prior to the final inspection for acceptance, a technical 

representative from the electric utility company sh all witness the 

testing of the equipment to assure the proper opera tion of the 

individual components, and to confirm proper operat ion/coordination 

with electric utility company’s equipment.  

C. Perform manufacturer’s required field tests in a ccordance with the 

manufacturer's recommendations.  In addition, inclu de the following: 

1. Visual Inspection and Tests: 
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a. Compare equipment nameplate data with specificat ions and approved 

shop drawings. 

b. Inspect physical, electrical, and mechanical con dition. 

c. Confirm correct application of manufacturer's re commended 

lubricants. 

d. Verify appropriate anchorage, required area clea rances, and 

correct alignment. 

e. Verify that circuit breaker sizes and types corr espond to approved 

shop drawings. 

f. Verify tightness of accessible bolted electrical  connections by 

calibrated torque-wrench method, or performing ther mographic 

survey after energization. 

g. Verify appropriate equipment grounding. 

  h. Confirm correct operation and sequencing of ke y-type mechanical 

interlock systems. 

i. Vacuum-clean enclosure interior.  Clean enclosur e exterior. 

j. Inspect insulators for evidence of physical dama ge or 

contaminated surfaces. 

k. Verify correct shutter installation and operatio n. 

l. Exercise all active components. 

m. Verify the correct operation of all sensing devi ces, alarms, and 

indicating devices. 

n. Verify that vents are clear. 

o. Inspect control power transformers. 

2. Electrical tests: 

a. Perform insulation-resistance tests on each bus section. 

b. Perform overpotential tests. 

c. Perform insulation-resistance test on control wi ring; do not 

perform this test on wiring connected to solid-stat e components. 

d. Perform phasing check on double-ended switchgear  to ensure 

correct bus phasing from each source. 

e. Circuit breakers shall be tripped by operation o f each protective 

device. 

3.3 FOLLOW-UP VERIFICATION 

A. Upon completion of acceptance checks and tests, the Contractor shall 

show by demonstration in service that the medium-vo ltage circuit 

breaker switchgear is in good operating condition a nd properly 

performing the intended function.   
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3.4 TEMPORARY HEATING 

A. Apply temporary heat to switchgear, according to  manufacturer's written 

instructions, throughout periods when switchgear en vironment is not 

controlled for temperature and humidity within manu facturer's 

stipulated service conditions. 

3.5 WARNING SIGN 

A. Mount on each entrance door of the switchgear ro om, approximately 1.5 M 

(5 feet) above grade or floor ,  a clearly lettered warning sign for 

warning personnel. The sign shall be attached with rustproof metal 

screws.  

3.6 ONE LINE DIAGRAM AND SEQUENCE OF OPERATION 

A. At final inspection, an as-built one line diagra m shall be laminated or 

mounted under acrylic glass, and installed in a fra me mounted in the 

switchgear room. 

B. Furnish a written sequence of operation for the switchgear and 

connected line side/load side electrical distributi on equipment.  The 

sequence of operation shall be laminated or mounted  under acrylic 

glass, and installed in a frame mounted in the swit chgear room.  

C. Deliver an additional four copies of the as-buil t one line diagram and 

sequence of operation to the Resident Engineer. 

3.7 AS-LEFT RELAY SETTINGS, AND FUSE RATINGS FOR CO NTROL EQUIPMENT 

A. The relay settings shall be set in the field by an authorized 

representative of the switchgear manufacturer per t he approved 

Overcurrent Protective Device Coordination Study in  accordance with 

Section 26 05 73, OVERCURRENT PROTECTIVE DEVICE COO RDINATION STUDY.  

  B. The relay settings of the main breaker(s) shal l be reviewed by the 

electric utility company to assure coordination wit h the electric 

utility company primary fusing. Prior to switchgear  activation, provide 

written verification of this review to the Resident  Engineer. 

C. Post a durable copy of the "as-left" relay setti ngs, and fuse ratings 

for control equipment in a convenient location in t he switchgear room. 

Deliver four additional copies of the settings and fuse ratings to the 

Resident Engineer. Furnish this information prior t o the activation of 

the switchgear. 
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3.8 INSTRUCTION 

A. Furnish the services of a factory-trained techni cian for one 4-hour 

training period for instructing personnel in the ma intenance and 

operation of the switchgear, on the dates requested  by the Resident 

Engineer. 

---END--- 
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SECTION 26 24 11 

DISTRIBUTION SWITCHBOARDS 

PART 1 - GENERAL  

1.1 DESCRIPTION 

A. This section specifies the furnishing, installat ion, and connection of 

the distribution switchboards.  

1.2 RELATED WORK 

A. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL IN STALLATIONS: General 

electrical requirements and items that are common t o more than one 

section of Division 26. 

B. Section 26 05 21, LOW-VOLTAGE ELECTRICAL POWER C ONDUCTORS AND CABLES 

(600 VOLTS AND BELOW): Cables and wiring. 

C. Section 26 05 26, GROUNDING AND BONDING FOR ELEC TRICAL SYSTEMS: 

Requirements for Personnel Safety and to provide a low impedance path 

for possible fault currents. 

D. Section 26 05 33, RACEWAY AND BOXES FOR ELECTRIC AL SYSTEMS: Conduit and 

outlet boxes. 

E. Section 26 43 13, TRANSIENT-VOLTAGE SURGE SUPPRE SSION: TVSS equipment 

for distribution switchboards. 

1.3 QUALITY ASSURANCE 

A. Refer to Paragraph, QUALIFICATIONS, in Section 2 6 05 11, REQUIREMENTS 

FOR ELECTRICAL INSTALLATIONS. 

1.4 FACTORY TESTS 

A. Distribution switchboards shall be thoroughly te sted at the factory to 

assure that there are no electrical or mechanical d efects.  Tests shall 

be conducted as per NEMA PB 2 and UL 891. Factory t ests shall be 

certified.  

B. The following additional tests shall be performe d: 

1. Verify that circuit breaker sizes and types corr espond to drawings 

and coordination study. 

2. Verify tightness of bolted electrical connection s by calibrated 

torque-wrench method in accordance with manufacture r’s published 

data. 

4. Exercise all active components. 

5. Perform a dielectric withstand voltage test on e ach bus section, each 

phase-to-ground with phases not under test grounded , in accordance 

with manufacturer’s published data. 
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6. Perform insulation-resistance tests on control w iring with respect to 

ground. Applied potential shall be 500 volts dc for  300-volt rated 

cable and 1000 volts dc for 600-volt rated cable, o r as required if 

solid-state components or control devices cannot to lerate the applied 

voltage. 

7. If applicable, verify correct function of contro l transfer relays 

located in the switchboard with multiple control po wer sources. 

8. Perform phasing checks on double-ended or dual-s ource switchboards to 

insure correct bus phasing from each source. 

C. Furnish four (4) copies of certified manufacture r's factory test reports 

to the Resident Engineer prior to shipment of the s witchboards to ensure 

that the switchboards have been successfully tested  as specified. 

1.5 SUBMITTALS 

A. Submit in accordance with Section 26 05 11, REQU IREMENTS FOR ELECTRICAL 

INSTALLATIONS:  

B. Shop Drawings:  

1. Sufficient information, clearly presented, shall  be included to 

determine compliance with drawings and specificatio ns.  

2. Include electrical ratings, dimensions, mounting  details, materials, 

required clearances, terminations, weight, temperat ure rise, wiring 

and connection diagrams, plan, front, side, and rea r elevations, 

sectional views, bus work, circuit breaker frame si zes, trip and 

short-circuit rating, long-time, short-time, instan taneous and ground 

fault settings, coordinated breaker and fuse curves , accessories, and 

device nameplate data. 

3. Show the size, ampere-rating, number of bars per  phase and neutral in 

each bus run (horizontal and vertical), bus spacing , equipment ground 

bus, and bus material.  

C. Manuals:  

1. Submit, simultaneously with the shop drawings, c ompanion copies of 

complete maintenance and operating manuals includin g technical data 

sheets, wiring diagrams, and information for orderi ng replacement 

parts. 

a. Wiring diagrams shall have their terminals ident ified to 

facilitate installation, maintenance, and operation .  

b. Wiring diagrams shall indicate internal wiring f or each item of 

equipment and the interconnection between the items  of equipment.  
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c. Provide a clear and concise description of opera tion, which gives, 

in detail, the information required to properly ope rate the 

equipment.  

d. Approvals will be based on complete submissions of manuals 

together with shop drawings.  

2. Two weeks prior to final inspection, deliver fou r copies of the final 

updated maintenance and operating manuals to the Re sident Engineer.  

a. The manuals shall be updated to include any info rmation 

necessitated by shop drawing approval.  

b. Complete "As Installed" wiring and schematic dia grams shall be 

included which show all items of equipment and thei r 

interconnecting wiring.  

c. Show all terminal identification.  

d. Include information for testing, repair, trouble  shooting, 

assembly, disassembly, and recommended maintenance intervals.  

e. Provide a replacement parts list with current pr ices. Include a 

list of recommended spare parts, tools, and instrum ents for 

testing and maintenance purposes.  

f. Furnish manuals in loose-leaf binder or manufact urer's standard 

binder. 

D. Certifications:  

1. Two weeks prior to final inspection, submit four  copies of the 

following to the Resident Engineer:  

a. Certification by the Contractor that the assembl ies have been 

properly installed, adjusted and tested, including circuit 

breakers settings. 

b. Certified copies of all of the factory design an d production 

tests, field test data sheets and reports for the a ssemblies.  

 

 

1.6 APPLICABLE PUBLICATIONS 

A. Publications listed below (including amendments,  addenda, revisions, 

supplements and errata) form a part of this specifi cation to the extent 

referenced.  Publications are referenced in the tex t by basic 

designation only.  

B. Institute of Engineering and Electronic Engineer s (IEEE):  

C37.13..................Low Voltage AC Power Circui t Breakers Used in 

Enclosures  
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C57.13..................Instrument Transformers 

C62.41..................Surge Voltage in Low Voltag e AC Power Circuits 

C62.45..................Surge Testing for Equipment  connected to Low-

Voltage AC Power Circuits 

C. National Electrical Manufacturer's Association ( NEMA): 

PB-2....................Dead-Front Distribution Swi tchboards. 

PB-2.1..................Instructions for Proper Han dling, Installation, 

Operation, and Maintenance of Switchboards  

AB-1....................Molded Case Circuit Breaker s, Molded Case 

Switches and Circuit Breaker Enclosures 

D. National Fire Protection Association (NFPA):  

70......................National Electrical Code (N EC) 

E. Underwriters Laboratories, Inc. (UL):  

67......................Panelboards 

489.....................Molded Case Circuit Breaker s and Circuit 

Breakers Enclosures 

891.....................Dead-Front Switchboards 

1283....................Electromagnetic Interferenc e Filters 

1449....................Transient Voltage Surge Sup pressors 

PART 2 - PRODUCTS 

2.1 GENERAL 

A. Switchboards shall be in accordance with UL, NEM A, NEC, IEEE, and as 

shown on the drawings.  

B. Switchboards shall be provided complete, ready f or operation including, 

but not limited to housing, buses, circuit breakers , instruments and 

related transformers, fuses, and wiring.  

C. Switchboard dimensions shall not exceed the dime nsions shown on the 

drawings. 

D. Manufacturer’s nameplate shall include complete ratings of switchboard 

in addition to the date of manufacture. 

2.2 BASIC ARRANGEMENT 

A. Type I: Switchboard shall be front accessible wi th the following 

features: 

1. Device mounting:  

a. Main breaker: Individually mounted and compartme nted or group 

mounted with feeder breakers.  

b. Feeder breakers: Group mounted.  

2. Section alignment: As shown on the drawings.  



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

26 24 11 - 5 

3. Accessibility:  

a. Main section line and load terminals: Front and side.  

b. Distribution section line and load terminals: Fr ont.  

c. Through bus connections: Front and end.  

4. Bolted line and load connections.  

5. Full height wiring gutter covers for access to w iring terminals.  

6. Short Circuit Current Rating: as shown on the dr awings .   

2.3 HOUSING 

A. Provide a completely enclosed, free standing, st eel enclosure not less 

than the gage required by the ANSI and UL standards . The enclosure is to 

consist of the required number of vertical sections  bolted together to 

form one metal enclosed rigid switchboard. The side s, top and rear shall 

be covered with removable screw on sheet steel plat es.  

B. Provide ventilating louvers where required to li mit the temperature rise 

of current carrying parts. All openings shall be pr otected against 

entrance of falling dirt, water, or foreign matter.   

C. Enclosure shall be thoroughly cleaned, phosphate  treated, and primed 

with rust-inhibiting paint. Final finish coat to be  the manufacturers 

standard gray. Provide a quart of finish paint for touch-up purposes. 

2.4 BUSES 

A. General: Buses shall be arranged for 3 phase, 4 wire distribution.  Main 

phase buses (through bus), full size neutral bus, a nd ground bus shall 

be full capacity the entire length of the switchboa rd. Provide for 

future extensions by means of bolt holes or other a pproved method. Brace 

the bus to withstand the available short circuit cu rrent at the 

particular location and as shown on the drawings. N o magnetic material 

shall be used between buses to form a magnetic loop .  

B. Material and Size: Buses and connections shall b e hard drawn copper of 

98 percent conductivity. Bus temperature rise shall  not exceed 65 

degrees C (149 degrees F). Section busing shall be sized based on UL and 

NEMA Switchboard Standards.  

C. Bus Connections: All contact surfaces shall be c opper. Provide a minimum 

of two plated bolts per splice. Where physical bus size permits only one 

bolt, provide a means other than friction to preven t turning, twisting 

or bending. Torque bolts to the manufacturer's reco mmended values.  

D. Neutral Bus: Provide bare or plated bus and moun t on insulated bus 

supports. Provide neutral disconnect link to permit  isolation of neutral 

bus from the common ground bus and service entrance  conductors.  
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E. Ground Bus: Provide an uninsulated 6 mm by 50 mm  (1/4 inch by 2 inch) 

copper equipment ground bus bar sized per UL 891 th e length of the 

switchboard and secure at each section.  

F. Main Bonding Jumper: Connect an uninsulated 1/4 inch by 2 inch (6mm by 

50 mm) copper bus between the neutral and ground bu ses to establish the 

system common ground point. 

2.5 TRANSIENT VOLTAGE SURGE SUPPRESSION 

   A. Refer to Section 26 43 13, TRANSIENT-VOLTAGE SURGE SUPPRESSION. 

2.6 NAMEPLATES AND MIMIC BUS 

A. Nameplates: For Normal Power system, provide lam inated black phenolic 

resin with white core with 1/2 inch [12mm] engraved  lettered nameplates 

next to each circuit breaker.  For Essential Electr ical System, provide 

laminated red phenolic resin with white core with 1 /2 inch [12mm] 

engraved lettered nameplates next to each circuit b reaker.  Nameplates 

shall indicate equipment served, spaces, or spares in accordance with 

one line diagram shown on drawings. Nameplates shal l be mounted with 

plated screws on front of breakers or on equipment enclosure next to 

breakers.  Mounting nameplates only with adhesive i s not acceptable. 

 

 

 

 

B. Mimic Bus: Provide an approved mimic bus on fron t of each switchboard 

assembly. Color shall be black for the Normal Power  system and red for 

the Essential Electrical System, either factory-pai nted plastic or metal 

strips. Plastic tape shall not be used. Use symbols  similar to one line 

diagram shown on drawings. Plastic or metal strips shall be mounted with 

plated screws. 

2.7 PROVISION FOR FUTURE 

A. Where "provision for", "future", or "space" is n oted on drawings, the 

space shall be equipped with bus connections to the  future overcurrent 

device with suitable insulation and bracing to main tain proper short 

circuit rating and physical clearance. Provide buse s for the ampere 

rating as shown for the future device.  

2.8 BREAKER REMOVAL EQUIPMENT 

A. Where draw out circuit breakers are provided, fu rnish a portable 

elevating carriage or switchboard permanent top mou nted device for 

installation and removal of the breakers.  
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2.9 CONTROL WIRING 

A. Control wiring shall be 600 volt class B strande d SIS. Install all 

control wiring complete at the factory adequately b undled and protected. 

Wiring across hinges and between shipping units sha ll be Class C 

stranded. Size in accordance with NEC. Provide cont rol circuit fuses.  

2.10 MAIN CIRCUIT BREAKERS 

A. Type I Switchboard: Provide UL listed and labele d molded case circuit 

breakers in accordance with NEC and as shown on the  drawings. Circuit 

breakers shall be the solid state adjustable trip t ype.  

1. Trip units shall have field adjustable tripping characteristics as 

follows:  

a. Ampere setting (continuous).  

b. Long time band.  

c. Short time trip point.  

d. Short time delay.  

e. Instantaneous trip point.  

f. Ground fault trip point.  GFP (integrally mounte d) shall be 

provided where service equipment is more than 150 v olts to ground 

and rated more than 800 amperes.  

g. Ground fault trip delay.  

2. Trip settings shall be set in field, as directed  by manufacturer and 

approved by Resident Engineer. 

3. Breakers, which have same rating, shall be inter changeable with each 

other. 

2.11 FEEDER CIRCUIT BREAKERS 

A. Provide UL listed and labeled molded case circui t breakers, in 

accordance with the NEC, as shown on the drawings, and as herein 

specified.  

B. Non-adjustable Trip Molded Case Circuit Breakers  (less than 250A frame 

size):  

1. Molded case circuit breakers shall have automati c, trip free, non-

adjustable, inverse time, and instantaneous magneti c trips for 100 

ampere frame size or less.  

2. Breaker features shall be as follows:  

a. A rugged, integral housing of molded insulating material.  

b. Silver alloy contacts.  

c. Arc quenchers and phase barriers for each pole.  

d. Quick-make, quick-break, operating mechanisms.  
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e. A trip element for each pole, thermal magnetic t ype with long time 

delay and instantaneous characteristics, a common t rip bar for all 

poles and a single operator.  

f. Electrically and mechanically trip free.  

g. An operating handle which indicates ON, TRIPPED and OFF positions.  

h. Line and load connections shall be bolted.  

i. Interrupting rating shall not be less than the m aximum short 

circuit current available at the line.  

j. An overload on one pole of a multipole breaker s hall automatically 

cause all the poles of the breaker to open.  

C. Adjustable Trip Molded Case Circuit Breakers (fr ame sizes 250A and 

greater):  

1. Provide molded case, solid state adjustable trip  type circuit 

breakers.  

2. Trip units shall have field adjustable tripping characteristics as 

follows:  

a. Ampere setting (continuous).  

b. Long time band.  

c. Short time trip point.  

d. Short time delay.  

e. Instantaneous trip point.  

f. Ground fault trip point.  

g. Ground fault trip delay.  

3. Trip settings shall be as indicated on the drawi ngs. Final settings 

shall be shown on the electrical system protective device study.  

4. Breakers, which have same rating, shall be inter changeable with each 

other.   

2.12 INSTRUMENTATION 

A.  Instrument Transformers:  NEMA EI 21.1, IEEE C57.13 , and the 

following: 

1.  Potential Transformers:  Secondary voltage rating o f 120 V and 

NEMA accuracy class of 0.3 with burdens of W, X, an d Y, if 

required. 

2.  Current Transformers:  Ratios shall be as indicated  with accuracy 

class and burden suitable for connected relays, met ers, and 

instruments. 

3.  Control-Power Transformers:  Dry type, mounted in s eparate 

compartments for units larger than 3 kV. 
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4.  Current Transformers for Neutral and Ground-Fault C urrent Sensing:  

Connect secondaries to ground overcurrent relays to  provide 

selective tripping of main and tie circuit breaker.   Coordinate 

with feeder circuit-breaker ground-fault protection . 

B.  Multifunction Digital-Metering Monitor:  Microproce ssor-based unit 

suitable for three- or four-wire systems and with t he following 

features: 

1.  Switch-selectable digital display of the following values with 

maximum accuracy tolerances as indicated: 

a.  Phase Currents, Each Phase:  Plus or minus 1 percen t. 

b.  Phase-to-Phase Voltages, Three Phase:  Plus or minu s 1 

percent. 

c.  Phase-to-Neutral Voltages, Three Phase:  Plus or mi nus 1 

percent. 

d.  Megawatts:  Plus or minus 2 percent. 

e.  Megavars:  Plus or minus 2 percent. 

f.  Power Factor:  Plus or minus 2 percent. 

g.  Frequency:  Plus or minus 0.5 percent. 

h.  Megawatt Demand:  Plus or minus 2 percent; demand i nterval 

programmable from 5 to 60 minutes. 

i.  Accumulated Energy, Megawatt Hours:  Plus or minus 2 percent.  

Accumulated values unaffected by power outages up t o 72 

hours. 

2.  Mounting:  Display and control unit flush or semifl ush mounted in 

instrument compartment door. 

3.  Measurement & Verification:  Provide signal to Ener gy Management 

System / Temperature Control System for monitoring.  

C.  All switchgear instrumentation shall be web enabled  power management 

system and BACNET protocol. 

D.  Main Circuit Breakers– Provide power meter and circ uit monitor on each 

main circuit breaker per the Multifunction Digital- Metering Monitor 

above.  Provide Ethernet connection capabililty. 

E.  Branch Circuit Breakers – Provide electronic trip c ircuit breakers 

with integral circuit/power metering and circuit mo nitors.  

Instrumentation shall be equipped with up to date M ODBUS or MODBUS/RTU 

communication protocol output.  Instrumentation for  each individual 

branch breaker shall be internally wired to provide  branch breaker 
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power monitoring information to web enabled power m anagement system, 

via Ethernet connection. 

F.  Power Distribution Equipment power metering shall b e web-enabled, 

suitable for direct connection to the customer’s Et hernet Local Area 

Network (LAN) and/or intranet. 

1.  A multi-point, RS485 MODBUS® serial communications network shall 

be provided within the equipment to interconnect al l breaker trip 

units, protective relays, drives and metering devic es equipped 

with communications 

2.  The serial communications network shall be wired to  an “Ethernet 

Server” in the incoming section of the equipment fo r remote data 

access via customer’s Local Area Network (LAN) or i ntranet.  All 

required hardware for 10BaseT Twisted Pair customer  network 

connection shall be included within the Power Distr ibution 

Equipment. 

3.  All serial communications devices within the equipm ent shall be 

addressed at the factory and tested to verify relia ble 

communications to the equipment’s Ethernet Server. 

4.  The Ethernet Server shall include provisions to set  initial 

Ethernet parameters via a local operator interface,  or standard 

(RJ-45) Ethernet port, that is accessible from the front of the 

equipment, without opening equipment doors or remov ing enclosure 

panels.  Initial setup shall be limited to basic Et hernet 

addressing parameters, as assigned by customer. 

5.  A “Quick-Start” guide shall be provided with the eq uipment to 

describe the simple, three-step commissioning proce ss for setting 

the equipment’s Ethernet address, and ensuring trou ble-free data 

access from any PC on the network, using a standard  web browser. 

6.  The Ethernet Server shall be user-configurable and provide 

detailed communications diagnostic information for serial and 

Ethernet ports as well as internal health status an d memory 

management information through embedded HTML web pa ges for viewing 

using a standard web browser. 

7.  A secure login screen shall be provided, password-p rotected to 

ensure only authorized access.  Password administra tion shall be 

accessible to the end-user via web page interface, using a 

standard web browser. 
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8.  The Ethernet Server shall include embedded HTML pag es providing 

real time information from devices connected to the  Gateway's RS-

485 port(s) through a standard web browser.  No add itional 

software shall be required to access basic device d ata described 

herein. 

9.  A common user interface (“look and feel”) shall be implemented 

across all styles of power distribution equipment. 

10.  The Ethernet Server shall be field-upgradable to in corporate the 

latest enhancements, to take advantage of continued  innovation by 

the manufacturer. 

 

 

 

 

11.  A front-accessible Ethernet port (RJ-45 connector) shall be 

provided for temporary local access via Notebook PC , etc., 

suitable for use during commissioning and normal op erations.  This 

connector shall include protective cover, tethered to avoid 

accidental loss or damage.  The port shall be wired  to the 

Ethernet Server in such a way that standard “straig ht-through” 

Ethernet cables may be used.  Special “cross-over” cables shall 

not be required.  This port shall be provided for l ocal access 

only, and shall be provided in addition to the perm anent Ethernet 

port inside the equipment. 

12.  Ethernet Server shall provide five (5) Summary web pages shall be 

configured at the factory to display the following information for 

each communicating device within the power equipmen t lineup (data 

provided as available, depending on specific device  types): 

 

a.  Circuit Summary Page to display Circuit Name, 3-Pha se Avg. 

RMS Current, Real Power (kW), Power Factor, and Bre aker 

Status (if applicable). 

b.  Load Current Summary Page to display Circuit Name, Phase A, 

B, and C RMS Current Values. 

c.  Demand Current Summary Page to display Circuit Name , Phase A, 

B, and C Average Demand Current Values. 
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d.  Power Summary Page to display Circuit Name, Present  Demand 

Power (kW), Peak Demand Power (kW), and Recorded Ti me and 

Date. 

e.  Energy Summary Page to display Circuit Name, Real E nergy 

(kWh), Reactive Energy (kVARh), and Time/Date of La st Reset 

PART 3 - EXECUTION 

3.1 INSTALLATION  

A. Install the switchboard in accordance with the N EC, as shown on the 

drawings, and as recommended by the manufacturer. 

B. Anchor switchboard to the slab with plated 1/2 i nch [12.5mm] minimum 

anchor bolts, or as recommended by the manufacturer . 

 

 

C. Interior Location.  Mount switchboard on concret e slab. Unless otherwise 

indicated, the slab shall be at least 4 inches [100 mm] thick. The top of 

the concrete slab shall be approximately 4 inches [ 100mm] above finished 

floor. Edges above floor shall have 1/2 inch [12.5m m] chamfer. The slab 

shall be of adequate size to project at least 8 inc hes [200mm] beyond 

the equipment. Provide conduit turnups and cable en trance space required 

by the equipment to be mounted. Seal voids around c onduit openings in 

slab with water- and oil-resistant caulking or seal ant. Cut off and bush 

conduits 3 inches [75mm] above slab surface. Concre te work shall be as 

specified in Section 03 30 00, CAST-IN-PLACE CONCRE TE. 

3.2 ACCEPTANCE CHECKS AND TESTS   

A. Perform in accordance with the manufacturer's re commendations.  Include 

the following visual and mechanical inspections and  electrical tests: 

1. Visual and Mechanical Inspection 

a. Compare equipment nameplate data with specificat ions and approved 

shop drawings. 

b. Inspect physical, electrical, and mechanical con dition. 

c. Confirm correct application of manufacturer's re commended 

lubricants. 

d. Verify appropriate anchorage, required area clea rances, and 

correct alignment. 

e. Verify that circuit breaker sizes and types corr espond to approved 

shop drawings. 

f. Verifying tightness of accessible bolted electri cal connections by 

calibrated torque-wrench method, or performing ther mographic 

survey after energization. 
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g. Confirm correct operation and sequencing of elec trical and 

mechanical interlock systems. 

h. Clean switchboard. 

i. Inspect insulators for evidence of physical dama ge or contaminated 

surfaces. 

j. Verify correct shutter installation and operatio n. 

k. Exercise all active components. 

l. Verify the correct operation of all sensing devi ces, alarms, and 

indicating devices. 

m. If applicable, verify that vents are clear. 

n. If applicable, inspect control power transformer s. 

2. Electrical Tests 

a. Perform insulation-resistance tests on each bus section. 

b. Perform overpotential tests. 

c. Perform insulation-resistance test on control wi ring; do not 

perform this test on wiring connected to solid-stat e components. 

d. Perform phasing check on double-ended switchboar d to ensure 

correct bus phasing from each source. 

3.3 FOLLOW-UP VERIFICATION 

A. Upon completion of acceptance checks, settings, and tests, the 

Contractor shall show by demonstration in service t hat the switchboard 

is in good operating condition and properly perform ing the intended 

function.  Circuit breakers shall be tripped by ope ration of each 

protective device. 

3.4 INSTRUCTION 

A. Furnish the services of a factory certified inst ructor for one 4 hour 

period for instructing personnel in the operation a nd maintenance of the 

switchboard and related equipment on the date reque sted by the Resident 

Engineer. 

- - - E N D - - - 
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SECTION 26 24 16 

PANELBOARDS 

PART 1 - GENERAL  

1.1 DESCRIPTION 

A. This section specifies the furnishing, installat ion, and connection of 

panelboards. 

1.2 RELATED WORK 

A. Section 09 91 00, PAINTING: Identification and p ainting of panelboards. 

B. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL IN STALLATIONS: General 

electrical requirements and items that are common t o more than one 

Section of Division 26. 

C. Section 26 05 21, LOW-VOLTAGE ELECTRICAL POWER C ONDUCTORS AND CABLES 

(600 VOLTS AND BELOW): Cables and wiring.  

D. Section 26 05 26, GROUNDING AND BONDING FOR ELEC TRICAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

for possible ground fault currents. 

E. Section 26 05 33, RACEWAY AND BOXES FOR ELECTRIC AL SYSTEMS: Conduits 

and outlet boxes.  

F. Section 26 43 13, TRANSIENT-VOLTAGE SURGE SUPPRE SSION: Surge 

suppressors installed in panelboards. 

1.3 QUALITY ASSURANCE 

A. Refer to Paragraph, QUALIFICATIONS, in Section 2 6 05 11, REQUIREMENTS 

FOR ELECTRICAL INSTALLATIONS. 

1.4 SUBMITTALS 

A. Submit in accordance with Section 26 05 11, REQU IREMENTS FOR ELECTRICAL 

INSTALLATIONS. 

B. Shop Drawings: 

1. Sufficient information, shall be clearly present ed to determine 

compliance with drawings and specifications.  

2. Include electrical ratings, dimensions, mounting  details, materials, 

wiring diagrams, accessories, and weights of equipm ent. Complete 

nameplate data, including manufacturer’s name and c atalog number. 
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C. Manuals: 

1. When submitting the shop drawings, submit compan ion copies of 

complete maintenance and operating manuals, includi ng technical data 

sheets and wiring diagrams. 

2. If changes have been made to the maintenance and  operating manuals 

that were originally submitted, then submit four co pies of updated 

maintenance and operating manuals to the Resident E ngineer two weeks 

prior to final inspection. 

D. Certification: Two weeks prior to final inspecti on, submit four copies 

of the following to the Resident Engineer: 

1. Certification by the manufacturer that the mater ials conform to the 

requirements of the drawings and specifications.  

2. Certification by the contractor that the materia ls have been 

properly installed, connected, and tested.  

1.5 APPLICABLE PUBLICATIONS 

A. Publications listed below (including amendments,  addenda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only. 

B. National Electrical Manufacturers Association (N EMA):  

PB-1-06.................Panelboards  

250-08..................Enclosures for Electrical E quipment (1000V 

Maximum) 

C. National Fire Protection Association (NFPA):  

70-2005 ................National Electrical Code (N EC) 

70E-2004................Standard for Electrical Lif e Safety in the 

Workplace 

D. Underwriters Laboratories, Inc. (UL):  

50-95...................Enclosures for Electrical E quipment  

67-09...................Panelboards 

489-09..................Molded Case Circuit Breaker s and Circuit 

Breaker Enclosures 



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

26 24 16 - 3 

PART 2 - PRODUCTS  

2.1 PANELBOARDS  

A. Panelboards shall be in accordance with UL, NEMA , NEC, and as shown on 

the drawings.  

B. Panelboards shall be standard manufactured produ cts.  

C.  All panelboards shall be hinged “door in door” type  with:  

1. Interior hinged door with hand-operated latch or  latches, as 

required to provide access only to circuit breaker operating 

handles, not to energized parts. 

2. Outer hinged door shall be securely mounted to t he panelboard box 

with factory bolts, screws, clips, or other fastene rs, requiring a 

tool for entry. Hand-operated latches are not accep table. 

3. Push inner and outer doors shall open left to ri ght. 

D.  All panelboards shall be completely factory-assembl ed with molded case 

circuit breakers and integral accessories, such as surge protective 

devices per Section 26 43 13, TRANSIENT-VOLTAGE SUR GE SUPPRESSION, and 

as scheduled on the drawings or specified herein. I nclude one-piece 

removable, inner dead front cover, independent of t he panelboard cover. 

E. Panelboards shall have main breaker or main lugs , bus size, voltage, 

phase, top or bottom feed, and flush or surface mou nting as scheduled 

on the drawings. 

F. Panelboards shall conform to NEMA PB-1, NEMA AB- 1, and UL 67 and have 

the  following features: 

1.  Non-reduced size copper bus bars with current ratin gs as shown on 

the panel schedules rigidly supported on molded ins ulators. 

2.  Bus bar connections to the branch circuit breakers shall be the 

“distributed phase” or “phase sequence” type.  

3.  Mechanical lugs furnished with panelboards shall be  cast, stamped, 

or machined metal alloys of sizes suitable for the conductors to 

which they will be connected. 

4.  Neutral bus shall be 100% rated, mounted on insulat ed supports.  

5.  Grounding bus bar shall be equipped with screws or lugs for the 

connection of grounding wires.  
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6. Buses shall be braced for the available short-ci rcuit current. 

Bracing shall not be less than 10,000 A symmetrical  for 120/208 V 

and 120/240 V panelboards, and 14,000 A symmetrical  for 277/480 V 

panelboards. 

7. Branch circuit panelboards shall have buses fabr icated for bolt-on 

type circuit breakers. 

8. Protective  devices shall be designed so that they can easily b e 

replaced. 

9. Where designated on panel schedule "spaces," inc lude all necessary 

bussing, device support, and connections. Provide b lank cover for 

each space.  

10. In two section panelboards, the main bus in eac h section shall be 

full size. The first section shall be furnished wit h subfeed lugs on 

the line side of main lugs only, or through-feed lu gs for main 

breaker type panelboards, and have cable connection s to the second 

section. Panelboard sections with tapped bus or cro ssover bus are 

not acceptable. 

11. Series-rated panelboards are not permitted. 

2.2 CABINETS AND TRIMS 

A. Cabinets: 

1. Provide galvanized steel cabinets to house panel boards. Cabinets for 

outdoor panelboards shall be factory primed and sui tably treated 

with a corrosion-resisting paint finish meeting UL 50 and UL 67.  

2. Cabinet enclosure shall not have ventilating ope nings. 

3. Cabinets for panelboards may be of one-piece for med steel or of 

formed sheet steel with end and side panels welded,  riveted, or 

bolted as required. 

2.3 MOLDED CASE CIRCUIT BREAKERS FOR PANELBOARDS  

A. Circuit breakers shall be per UL 489, in accorda nce with the NEC, as 

shown on the drawings, and as specified.  

B. Circuit breakers in panelboards shall be bolt-on  type. 

C. Molded case circuit breakers shall have minimum interrupting rating as 

required to withstand the available fault current, but not less than:   

1. 120/208 V Panelboard: 10,000 A symmetrical. 

2. 120/240 V Panelboard: 10,000 A symmetrical. 
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3. 277/480 V Panelboard: 14,000 A symmetrical. 

D. Molded case circuit breakers shall have automati c, trip free, 

non-adjustable, inverse time, and instantaneous mag netic trips for 100 

A frame or lower. Magnetic trip shall be adjustable  from 3x to 10x for 

breakers with 600 A frames and higher.  

E. Breaker features shall be as follows: 

1. A rugged, integral housing of molded insulating material.  

2. Silver alloy contacts. 

3. Arc quenchers and phase barriers for each pole. 

4. Quick-make, quick-break, operating mechanisms. 

5. A trip element for each pole, thermal magnetic t ype with long time 

delay and instantaneous characteristics, a common t rip bar for all 

poles and a single operator. 

6. Electrically and mechanically trip free. 

7. An operating handle which indicates ON, TRIPPED,  and OFF positions. 

8. An overload on one pole of a multipole breaker s hall automatically 

cause all the poles of the breaker to open. 

9. Ground fault current interrupting breakers, shun t trip breakers, or 

other accessory devices or functions shall be provi ded where 

indicated.  

  10. For circuit breakers being added to existing panelboards, coordinate 

the breaker type with existing panelboards. Modify the panel 

directory accordingly.  

2.4 SEPARATELY ENCLOSED CIRCUIT BREAKERS  

A. Where separately enclosed circuit breakers are s hown on the drawings, 

provide circuit breakers in accordance with the app licable requirements 

of those specified for panelboards. 

B. Enclosures are to be of the NEMA types shown on the drawings. Where the 

types are not shown, they are to be the NEMA type m ost suitable for the 

environmental conditions where the circuit breakers  are being 

installed.  

C. Where shown on drawings, furnish separately encl osed circuit breakers 

with integral transient voltage surge suppression d evice. Refer to 

Section 26 43 13, TRANSIENT-VOLTAGE SURGE SUPPRESSI ON. 
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2.5 INSTRUMENTATION 

A.  Instrument Transformers:  NEMA EI 21.1, IEEE C57.13 , and the 

following: 

1.  Potential Transformers:  Secondary voltage rating o f 120 V and 

NEMA accuracy class of 0.3 with burdens of W, X, an d Y, if 

required. 

2.  Current Transformers:  Ratios shall be as indicated  with accuracy 

class and burden suitable for connected relays, met ers, and 

instruments. 

3.  Control-Power Transformers:  Dry type, mounted in s eparate 

compartments for units larger than 3 kV. 

4.  Current Transformers for Neutral and Ground-Fault C urrent 

Sensing:  Connect secondaries to ground overcurrent  relays to 

provide selective tripping of main and tie circuit breaker.  

Coordinate with feeder circuit-breaker ground-fault  protection. 

B.  Multifunction Digital-Metering Monitor:  Microproce ssor-based unit 

suitable for three- or four-wire systems and with t he following 

features: 

1.  Switch-selectable digital display of the following values with 

maximum accuracy tolerances as indicated: 

a.  Phase Currents, Each Phase:  Plus or minus 1 percen t. 

b.  Phase-to-Phase Voltages, Three Phase:  Plus or minu s 1 

percent. 

c.  Phase-to-Neutral Voltages, Three Phase:  Plus or mi nus 1 

percent. 

d.  Megawatts:  Plus or minus 2 percent. 

e.  Megavars:  Plus or minus 2 percent. 

f.  Power Factor:  Plus or minus 2 percent. 

g.  Frequency:  Plus or minus 0.5 percent. 

h.  Megawatt Demand:  Plus or minus 2 percent; demand i nterval 

programmable from 5 to 60 minutes. 

i.  Accumulated Energy, Megawatt Hours:  Plus or minus 2 percent.  

Accumulated values unaffected by power outages up t o 72 

hours. 
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2.  Mounting:  Display and control unit flush or semifl ush mounted in 

instrument compartment door. 

3.  Measurement & Verification:  Provide signal to Ener gy Management 

System / Temperature Control System for monitoring.  

C.  All switchgear instrumentation shall be web enabled  power management 

system and BACNET protocol. 

D.  Main Circuit Breakers– Provide power meter and circ uit monitor on each 

main circuit breaker per the Multifunction Digital- Metering Monitor 

above.  Provide Ethernet connection capabililty. 

E.  Branch Circuit Breakers – Provide electronic trip c ircuit breakers 

with integral circuit/power metering and circuit mo nitors.  

Instrumentation shall be equipped with up to date M ODBUS or MODBUS/RTU 

communication protocol output.  Instrumentation for  each individual 

branch breaker shall be internally wired to provide  branch breaker 

power monitoring information to web enabled power m anagement system, 

via Ethernet connection. 

F.  Power Distribution Equipment power metering shall b e web-enabled, 

suitable for direct connection to the customer’s Et hernet Local Area 

Network (LAN) and/or intranet. 

1.  A multi-point, RS485 MODBUS® serial communications network shall 

be provided within the equipment to interconnect al l breaker trip 

units, protective relays, drives and metering devic es equipped 

with communications 

2.  The serial communications network shall be wired to  an “Ethernet 

Server” in the incoming section of the equipment fo r remote data 

access via customer’s Local Area Network (LAN) or i ntranet.  All 

required hardware for 10BaseT Twisted Pair customer  network 

connection shall be included within the Power Distr ibution 

Equipment. 

3.  All serial communications devices within the equipm ent shall be 

addressed at the factory and tested to verify relia ble 

communications to the equipment’s Ethernet Server. 
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4.  The Ethernet Server shall include provisions to set  initial 

Ethernet parameters via a local operator interface,  or standard 

(RJ-45) Ethernet port, that is accessible from the front of the 

equipment, without opening equipment doors or remov ing enclosure 

panels.  Initial setup shall be limited to basic Et hernet 

addressing parameters, as assigned by customer. 

5.  A “Quick-Start” guide shall be provided with the eq uipment to 

describe the simple, three-step commissioning proce ss for setting 

the equipment’s Ethernet address, and ensuring trou ble-free data 

access from any PC on the network, using a standard  web browser. 

6.  The Ethernet Server shall be user-configurable and provide 

detailed communications diagnostic information for serial and 

Ethernet ports as well as internal health status an d memory 

management information through embedded HTML web pa ges for 

viewing using a standard web browser. 

7.  A secure login screen shall be provided, password-p rotected to 

ensure only authorized access.  Password administra tion shall be 

accessible to the end-user via web page interface, using a 

standard web browser. 

8.  The Ethernet Server shall include embedded HTML pag es providing 

real time information from devices connected to the  Gateway's RS-

485 port(s) through a standard web browser.  No add itional 

software shall be required to access basic device d ata described 

herein. 

9.  A common user interface (“look and feel”) shall be implemented 

across all styles of power distribution equipment. 

10.  The Ethernet Server shall be field-upgradable to in corporate the 

latest enhancements, to take advantage of continued  innovation by 

the manufacturer. 
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11.  A front-accessible Ethernet port (RJ-45 connector) shall be 

provided for temporary local access via Notebook PC , etc., 

suitable for use during commissioning and normal op erations.  

This connector shall include protective cover, teth ered to avoid 

accidental loss or damage.  The port shall be wired  to the 

Ethernet Server in such a way that standard “straig ht-through” 

Ethernet cables may be used.  Special “cross-over” cables shall 

not be required.  This port shall be provided for l ocal access 

only, and shall be provided in addition to the perm anent Ethernet 

port inside the equipment. 

12.  Ethernet Server shall provide five (5) Summary web pages shall be 

configured at the factory to display the following information 

for each communicating device within the power equi pment lineup 

(data provided as available, depending on specific device types): 

a.  Circuit Summary Page to display Circuit Name, 3-Pha se Avg. 

RMS Current, Real Power (kW), Power Factor, and Bre aker 

Status (if applicable). 

b.  Load Current Summary Page to display Circuit Name, Phase A, 

B, and C RMS Current Values. 

c.  Demand Current Summary Page to display Circuit Name , Phase A, 

B, and C Average Demand Current Values. 

d.  Power Summary Page to display Circuit Name, Present  Demand 

Power (kW), Peak Demand Power (kW), and Recorded Ti me and 

Date. 

e.  Energy Summary Page to display Circuit Name, Real E nergy 

(kWh), Reactive Energy (kVARh), and Time/Date of La st Reset 

PART 3 - EXECUTION  

3.1 INSTALLATION  

A. Installation shall be in accordance with the man ufacturer’s 

instructions, the NEC, as shown on the drawings, an d as specified.  

B. Locate panelboards so that the present and futur e conduits can be 

conveniently connected.  

C. Install a printed schedule of circuits in each p anelboard after 

approval by the Resident Engineer. Schedules shall be printed on the 

panelboard directory cards, installed in the approp riate panelboards, 
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and incorporate all applicable contract changes. In formation shall 

indicate outlets, lights, devices, or other equipme nt controlled by 

each circuit, and the final room numbers served by each circuit. 

D. Mount the fully-aligned panelboard such that the  maximum height of the 

top circuit breaker above the finished floor shall not exceed 78 in 

[1980 mm]. Mount panelboards that are too high such  that the bottom of 

the cabinets will not be less than 6 in [150 mm] ab ove the finished 

floor.  

  E. For panelboards located in areas accessible to  the public, paint the 

exposed surfaces of the trims, doors, and boxes wit h finishes to match 

surrounding surfaces after the panelboards have bee n installed.  

F. Rust and scale shall be removed from the inside of existing backboxes 

where new panelboards are to be installed. Paint in side of backboxes 

with rust-preventive paint before the new panelboar d interior is 

installed. Provide new trim and doors for these pan elboards. Covers 

shall fit tight to the box with no gaps between the  cover and the box.  

3.2 ACCEPTANCE CHECKS AND TESTS   

A. Perform in accordance with the manufacturer's re commendations. Include 

the following visual and mechanical inspections and  electrical tests: 

1. Visual and Mechanical Inspection 

a. Compare equipment nameplate data with specificat ions and approved 

shop drawings. 

b. Inspect physical, electrical, and mechanical con dition. 

c. Verify appropriate anchorage and required area c learances. 

d. Verify that circuit breaker sizes and types corr espond to 

approved shop drawings. 

e. To verify tightness of accessible bolted electri cal connections, 

use the calibrated torque-wrench method or perform thermographic 

survey after energization. 

f. Clean panelboard. 

3.3 FOLLOW-UP VERIFICATION 

A. Upon completion of acceptance checks, settings, and tests, the 

contractor shall demonstrate that the panelboards a re in good operating 

condition and properly performing the intended func tion. 

- - - E N D - - - 
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SECTION 26 27 26 
WIRING DEVICES 

PART 1 - GENERAL  

1.1 DESCRIPTION 

A. This section specifies the furnishing, installat ion, connection, and 

testing of wiring devices. 

1.2 RELATED WORK 

A. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL IN STALLATIONS: General 

electrical requirements that are common to more tha n one section of 

Division 26. 

B. Section 26 05 33, RACEWAY AND BOXES FOR ELECTRIC AL SYSTEMS: Conduit and 

boxes.  

C. Section 26 05 21, LOW-VOLTAGE ELECTRICAL POWER C ONDUCTORS AND CABLES: 

Cables and wiring. 

D. Section 26 05 26, GROUNDING AND BONDING FOR ELEC TRICAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

to ground for possible ground fault currents. 

E. Section 26 51 00, INTERIOR LIGHTING: Fluorescent  ballasts and LED 

drivers for use with manual dimming controls. 

1.3 QUALITY ASSURANCE 

A. Refer to Paragraph, QUALIFICATIONS (PRODUCTS AND  SERVICES), in Section 

26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS . 

1.4 SUBMITTALS 

A. Submit six copies of the following in accordance  with Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS. 

1. Shop Drawings: 

a. Submit sufficient information to demonstrate com pliance with 

drawings and specifications. 

b. Include electrical ratings, dimensions, mounting  details, 

construction materials, grade, and termination info rmation. 

2. Manuals:  

a. Submit, simultaneously with the shop drawings, c ompanion copies 

of complete maintenance and operating manuals, incl uding 

technical data sheets and information for ordering replacement 

parts. 
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b. If changes have been made to the maintenance and  operating 

manuals originally submitted, submit updated mainte nance and 

operating manuals two weeks prior to the final insp ection. 

3. Certifications: Two weeks prior to final inspect ion, submit the 

following.  

a. Certification by the manufacturer that the wirin g devices conform 

to the requirements of the drawings and specificati ons. 

b. Certification by the Contractor that the wiring devices have been 

properly installed and adjusted. 

1.5 APPLICABLE PUBLICATIONS 

A. Publications listed below (including amendments,  addenda, revisions, 

supplements and errata) form a part of this specifi cation to the extent 

referenced. Publications are referenced in the text  by basic 

designation only. 

B. National Fire Protection Association (NFPA): 

70-11...................National Electrical Code (N EC) 

99-12...................Health Care Facilities 

C. National Electrical Manufacturers Association (N EMA): 

WD 1-10.................General Color Requirements for Wiring Devices 

WD 6-08 ................Wiring Devices – Dimensiona l Specifications 

D. Underwriter’s Laboratories, Inc. (UL): 

5-11....................Surface Metal Raceways and Fittings 

20-10...................General-Use Snap Switches 

231-07..................Power Outlets 

467-07..................Grounding and Bonding Equip ment 

498-07..................Attachment Plugs and Recept acles 

943-11..................Ground-Fault Circuit-Interr upters  

1449-07.................Surge Protective Devices 

1472-96.................Solid State Dimming Control s 

PART 2 - PRODUCTS 

2.1 RECEPTACLES 

A. General: All receptacles shall comply with NEMA,  NFPA, UL, and as shown 

on the drawings. 
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1. Mounting straps shall be plated steel, with brea k-off plaster ears 

and shall include a self-grounding feature.  Termin al screws shall 

be brass, brass plated or a copper alloy metal. 

2. Receptacles shall have provisions for back wirin g with separate 

metal clamp type terminals (four minimum) and side wiring from four 

captively held binding screws. 

B. Duplex Receptacles: Hospital-grade, single phase , 20 ampere, 120 volts, 

2-pole, 3-wire, NEMA 5-20R, with break-off feature for two-circuit 

operation.  

1. Bodies shall be gray in color.  

2. Switched duplex receptacles shall be wired so th at only the top 

receptacle is switched. The lower receptacle shall be unswitched. 

3. Duplex Receptacles on Emergency Circuit: 

a. In rooms without emergency powered general light ing, the 

emergency receptacles shall be of the self-illumina ted type. 

4. Ground Fault Interrupter Duplex Receptacles: Sha ll be an integral 

unit, hospital-grade, suitable for mounting in a st andard outlet 

box, with end-of-life indication and provisions to isolate the face 

due to improper wiring. 

a. Ground fault interrupter shall consist of a diff erential current 

transformer, solid state sensing circuitry and a ci rcuit 

interrupter switch.  Device shall have nominal sens itivity to 

ground leakage current of 4-6 milliamperes and shal l function to 

interrupt the current supply for any value of groun d leakage 

current above five milliamperes (+ or – 1 milliampe re) on the 

load side of the device. Device shall have a minimu m nominal 

tripping time of 0.025 second. 

b. Ground Fault Interrupter Duplex Receptacles (not  hospital-grade) 

shall be the same as ground fault interrupter hospi tal-grade 

receptacles except for the hospital-grade listing. 

5. Safety Type Duplex Receptacles: 

a. Bodies shall be gray in color. 

1) Shall permit current to flow only while a standa rd plug is in 

the proper position in the receptacle. 
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2) Screws exposed while the wall plates are in plac e shall be the 

tamperproof type. 

6. Duplex Receptacles (not hospital grade): Shall b e the same as 

hospital grade duplex receptacles except for the ho spital grade 

listing and as follows. 

a. Bodies shall be brown nylon. 

C. Weatherproof Receptacles: Shall consist of a dup lex receptacle, mounted 

in box with a gasketed, weatherproof, cast metal co ver plate and cap 

over each receptacle opening. The cap shall be perm anently attached to 

the cover plate by a spring-hinged flap. The weathe rproof integrity 

shall not be affected when heavy duty specification  or hospital grade 

attachment plug caps are inserted. Cover plates on outlet boxes mounted 

flush in the wall shall be gasketed to the wall in a watertight manner.  

2.2 TOGGLE SWITCHES 

A. Toggle switches shall be totally enclosed tumble r type with nylon 

bodies.  Handles shall be gray in color unless othe rwise specified or 

shown on the drawings. 

1. Switches installed in hazardous areas shall be e xplosion-proof type 

in accordance with the NEC and as shown on the draw ings.  

2. Shall be single unit toggle, butt contact, quiet  AC type, heavy-duty 

general-purpose use with an integral self grounding  mounting strap 

with break-off plasters ears and provisions for bac k wiring with 

separate metal wiring clamps and side wiring with c aptively held 

binding screws. 

3. Switches shall be rated 20 amperes at 120-277 Vo lts AC. 

2.3 WALL PLATES 

A. Wall plates for switches and receptacles shall b e type 302 stainless 

steel. Oversize plates are not acceptable.  

B. For receptacles or switches mounted adjacent to each other, wall plates 

shall be common for each group of receptacles or sw itches. 

C. Duplex Receptacles on Emergency Circuit: Wall pl ates shall be red nylon 

with the word "EMERGENCY" engraved in 6 mm (1/4 inc h) white letters 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Installation shall be in accordance with the NEC  and as shown as on the 

drawings. 

B. Install wiring devices after wall construction a nd painting is 

complete. 

C. The ground terminal of each wiring device shall be bonded to the outlet 

box with an approved green bonding jumper, and also  connected to the 

branch circuit equipment grounding conductor. 

D. Outlet boxes for toggle switches and manual dimm ing controls shall be 

mounted on the strike side of doors.  

E. Provide barriers in multigang outlet boxes to co mply with the NEC. 

F. Coordinate the electrical work with the work of other trades to ensure 

that wiring device flush outlets are positioned wit h box openings aligned 

with the face of the surrounding finish material.  Pay special attention 

to installations in cabinet work, and in connection  with laboratory 

equipment. 

G. Exact field locations of floors, walls, partitio ns, doors, windows, and 

equipment may vary from locations shown on the draw ings. Prior to 

locating sleeves, boxes and chases for roughing-in of conduit and 

equipment, the Contractor shall coordinate exact fi eld location of the 

above items with other trades.   

H. Install wall switches 1.2 M (48 inches) above fl oor, with the toggle OFF 

position down.  

I. Install wall dimmers 1.2 M (48 inches) above flo or.  

J. Install receptacles 450 mm (18 inches) above flo or, and 152 mm (6 inches) 

above counter backsplash or workbenches.  Install s pecific-use 

receptacles at heights shown on the drawings. 

K. Install vertically mounted receptacles with the ground pin up.  Install 

horizontally mounted receptacles with the ground pi n to the right. 

L. When required or recommended by the manufacturer , use a torque 

screwdriver.  Tighten unused terminal screws. 

M. Label device plates with a permanent adhesive la bel listing panel and 

circuit feeding the wiring device. 
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3.2 ACCEPTANCE CHECKS AND TESTS   

A. Perform manufacturer’s required field checks in accordance with the 

manufacturer's recommendations. In addition, includ e the following: 

1. Visual Inspection and Tests: 

a. Inspect physical and electrical condition. 

b. Vacuum-clean surface metal raceway interior.  Cl ean metal raceway 

exterior. 

c. Test wiring devices for damaged conductors, high  circuit 

resistance, poor connections, inadequate fault curr ent path, 

defective devices, or similar problems using a port able 

receptacle tester.  Correct circuit conditions, rem ove 

malfunctioning units and replace with new, and rete st as 

specified above. 

d. Test GFCI receptacles. 

2. Healthcare Occupancy Tests: 

a. Test hospital grade receptacles for retention fo rce per NFPA 99. 

---END--- 
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SECTION 26 29 21 
ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. This section specifies the furnishing, installat ion, and connection of 

fused and unfused disconnect switches (indicated as  switches in this 

section), and separately-enclosed circuit breakers for use in 

electrical systems rated 600 V and below.  

1.2 RELATED WORK 

A. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL IN STALLATIONS: 

Requirements that apply to all sections of Division  26.  

B. Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER C ONDUCTORS AND CABLES: 

Low-voltage conductors. 

C. Section 26 05 26, GROUNDING AND BONDING FOR ELEC TRICAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

for possible ground faults. 

D. Section 26 05 33, RACEWAY AND BOXES FOR ELECTRIC AL SYSTEMS: Conduits. 

E. Section 26 24 16, PANELBOARDS: Molded-case circu it breakers.  

1.3 QUALITY ASSURANCE 

A. Refer to Paragraph, QUALIFICATIONS (PRODUCTS AND  SERVICES), in Section 

26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS . 

1.4 SUBMITTALS 

A. Submit six copies of the following in accordance  with Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS. 

1. Shop Drawings: 

a. Submit sufficient information to demonstrate com pliance with 

drawings and specifications. 

b. Submit the following data for approval: 

1) Electrical ratings, dimensions, mounting details , materials, 

required clearances, terminations, weight, fuses, c ircuit 

breakers, wiring and connection diagrams, accessori es, and 

device nameplate data. 
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2. Manuals:  

a. Submit complete maintenance and operating manual s including 

technical data sheets, wiring diagrams, and informa tion for 

ordering fuses, circuit breakers, and replacement p arts. 

1) Include schematic diagrams, with all terminals i dentified, 

matching terminal identification in the enclosed sw itches and 

circuit breakers. 

2) Include information for testing, repair, trouble shooting, 

assembly, and disassembly. 

b. If changes have been made to the maintenance and  operating 

manuals originally submitted, submit updated mainte nance and 

operating manuals two weeks prior to the final insp ection. 

3. Certifications: Two weeks prior to final inspect ion, submit the 

following.  

a. Certification by the manufacturer that the enclo sed switches and 

circuit breakers conform to the requirements of the  drawings and 

specifications. 

b. Certification by the Contractor that the enclose d switches and 

circuit breakers have been properly installed, adju sted, and 

tested. 

1.5 APPLICABLE PUBLICATIONS 

A. Publications listed below (including amendments,  addenda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only. 

B. International Code Council (ICC): 

IBC-12..................International Building Code  

C. National Electrical Manufacturers Association (N EMA):  

FU l-07.................Low Voltage Cartridge Fuses  

KS l-06.................Enclosed and Miscellaneous Distribution 

Equipment Switches (600 Volts Maximum)  

D. National Fire Protection Association (NFPA):  

70-11...................National Electrical Code (N EC)  

E. Underwriters Laboratories, Inc. (UL):  

98-07...................Enclosed and Dead-Front Swi tches  
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248-00..................Low Voltage Fuses 

489-09..................Molded Case Circuit Breaker s and Circuit 

Breaker Enclosures 

PART 2 - PRODUCTS  

2.1 FUSED SWITCHES RATED 600 AMPERES AND LESS  

A. Switches shall be in accordance with NEMA, NEC, UL, as specified, and 

as shown on the drawings. 

B. Shall be NEMA classified General Duty (GD) for 2 40 V switches, and NEMA 

classified Heavy Duty (HD) for 480 V switches. 

C. Shall be horsepower (HP) rated.  

D. Shall have the following features:  

1. Switch mechanism shall be the quick-make, quick- break type. 

2. Copper blades, visible in the open position. 

3. An arc chute for each pole.  

4. External operating handle shall indicate open an d closed positions, 

and have lock-open padlocking provisions.  

5. Mechanical interlock shall permit opening of the  door only when the 

switch is in the open position, defeatable to permi t inspection. 

6. Fuse holders for the sizes and types of fuses sp ecified. 

7. Solid neutral for each switch being installed in  a circuit which 

includes a neutral conductor.  

8. Ground lugs for each ground conductor.  

9. Enclosures: 

a. Shall be the NEMA types shown on the drawings. 

b. Where the types of switch enclosures are not sho wn, they shall be 

the NEMA types most suitable for the ambient enviro nmental 

conditions. 

c. Shall be finished with manufacturer’s standard g ray baked enamel 

paint over pretreated steel. 

2.2 UNFUSED SWITCHES RATED 600 AMPERES AND LESS 

A. Shall be the same as fused switches, but without  provisions for fuses. 

2.3 FUSED SWITCHES RATED OVER 600 AMPERES TO 1200 A MPERES 

A. Shall be the same as fused switches, and shall b e NEMA classified Heavy 

Duty (HD). 
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2.4 MOTOR RATED TOGGLE SWITCHES 

A. Type 1, general purpose for single-phase motors rated up to 1 

horsepower. 

B. Quick-make, quick-break toggle switch with exter nal reset button and 

thermal overload protection matched to nameplate fu ll-load current of 

actual protected motor. 

2.5 CARTRIDGE FUSES 

A. Shall be in accordance with NEMA FU 1. 

B. Service Entrance: Class L, fast acting. 

C. Feeders: Class J, time delay. 

D. Motor Branch Circuits: Class RK1, time delay. 

E. Other Branch Circuits: Class RK5, time delay 

2.6 SEPARATELY-ENCLOSED CIRCUIT BREAKERS  

A. Provide circuit breakers in accordance with the applicable requirements 

in Section 26 24 16, PANELBOARDS. 

B. Enclosures shall be the NEMA types shown on the drawings. Where the 

types are not shown, they shall be the NEMA type mo st suitable for the 

ambient environmental conditions. 

PART 3 - EXECUTION 

3.1 INSTALLATION   

A. Installation shall be in accordance with the man ufacturer’s 

instructions, the NEC, as shown on the drawings, an d as specified.  

B. Fused switches shall be furnished complete with fuses. Arrange fuses 

such that rating information is readable without re moving the fuses. 

3.2 ACCEPTANCE CHECKS AND TESTS 

A. Perform in accordance with the manufacturer's re commendations.  In 

addition, include the following: 

1. Visual Inspection and Tests: 

a. Compare equipment nameplate data with specificat ions and approved 

shop drawings. 

b. Inspect physical, electrical, and mechanical con dition. 

c. Verify tightness of accessible bolted electrical  connections by 

calibrated torque-wrench method. 

d. Vacuum-clean enclosure interior.  Clean enclosur e exterior. 
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3.3 SPARE PARTS  

A. Two weeks prior to the final inspection, furnish  one complete set of 

spare fuses for each fused disconnect switch instal led on the project. 

Deliver the spare fuses to the Resident Engineer.  

---END--- 
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SECTION 26 51 00 
 INTERIOR LIGHTING 

PART 1 - GENERAL  

1.1 DESCRIPTION: 

A. This section specifies the furnishing, installat ion, and connection of 

the interior and exterior building-mounted lighting  systems.  The terms 

“lighting fixture,” “fixture,” and “luminaire” are used 

interchangeably. 

1.2 RELATED WORK  

A. Section 01 74 19, CONSTRUCTION WASTE MANAGEMENT:  Disposal of lamps. 

  B. Section 02 41 00, DEMOLITION: Removal and disp osal of lamps and 

ballasts. 

C. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL IN STALLATIONS: 

Requirements that apply to all sections of Division  26. 

D. Section 26 05 21, LOW-VOLTAGE ELECTRICAL POWER C ONDUCTORS AND CABLES: 

Low-voltage conductors.  

E. Section 26 05 26, GROUNDING AND BONDING FOR ELEC TRICAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

to ground for possible ground fault currents.  

F. Section 26 27 26, WIRING DEVICES: Wiring devices  used for control of 

the lighting systems. 

1.3 QUALITY ASSURANCE 

A. Refer to Paragraph, QUALIFICATIONS (PRODUCTS AND  SERVICES), in Section 

26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS . 

1.4 SUBMITTALS 

A. Submit six copies of the following in accordance  with Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS. 

1. Shop Drawings: 

a. Submit the following information for each type o f lighting 

fixture designated on the LIGHTING FIXTURE SCHEDULE , arranged in 

order of lighting fixture designation. 

b. Material and construction details, include infor mation on housing 

and optics system.  

c. Physical dimensions and description. 

d. Wiring schematic and connection diagram. 
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e. Installation details. 

f. Energy efficiency data. 

g. Photometric data based on laboratory tests compl ying with IES 

Lighting Measurements testing and calculation guide s. 

h. Lamp data including lumen output (initial and me an), color 

rendition index (CRI), rated life (hours), and colo r temperature 

(degrees Kelvin). 

i. Ballast data including ballast type, starting me thod, ambient 

temperature, ballast factor, sound rating, system w atts, and 

total harmonic distortion (THD). 

j. For LED lighting fixtures, submit US DOE LED Lig hting Facts 

label, and IES L70 rated life. 

2. Manuals:  

a. Submit, simultaneously with the shop drawings, c omplete 

maintenance and operating manuals, including techni cal data 

sheets, wiring diagrams, and information for orderi ng replacement 

parts. 

b. If changes have been made to the maintenance and  operating 

manuals originally submitted, submit updated mainte nance and 

operating manuals two weeks prior to the final insp ection. 

3. Certifications: Two weeks prior to final inspect ion, submit the 

following.  

a. Certification by the Contractor that the interio r lighting 

systems have been properly installed and tested. 

1.5 APPLICABLE PUBLICATIONS 

A. Publications listed below (including amendments,  addenda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only.  

B. American National Standards Institute (ANSI): 

C78.1-91................Fluorescent Lamps - Rapid-S tart Types - 

Dimensional and Electrical Characteristics 

C78.376-01..............Chromaticity of Fluorescent  Lamps 
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C. American Society for Testing and Materials (ASTM ): 

C635-07.................Manufacture, Performance, a nd Testing of Metal 

Suspension Systems for Acoustical Tile and Lay-

in Panel Ceilings 

D. Environmental Protection Agency (EPA): 

40 CFR 261..............Identification and Listing of Hazardous Waste 

E. Federal Communications Commission (FCC): 

CFR Title 47, Part 15...Radio Frequency Devices 

CFR Title 47, Part 18...Industrial, Scientific, and  Medical Equipment 

F. Illuminating Engineering Society (IES): 

LM-79-08................Electrical and Photometric Measurements of 

Solid-State Lighting Products 

LM-80-08................Measuring Lumen Maintenance  of LED Light 

Sources 

LM-82-12................Characterization of LED Lig ht Engines and LED 

Lamps for Electrical and Photometric Properties 

as a Function of Temperature 

G. Institute of Electrical and Electronic Engineers  (IEEE): 

C62.41-91...............Surge Voltages in Low Volta ge AC Power Circuits 

H. International Code Council (ICC): 

IBC-12..................International Building Code  

I. National Fire Protection Association (NFPA):  

70-11...................National Electrical Code (N EC) 

101-12..................Life Safety Code  

J. National Electrical Manufacturer's Association ( NEMA): 

C82.1-04................Lamp Ballasts – Line Freque ncy Fluorescent Lamp 

Ballasts  

C82.2-02................Method of Measurement of Fl uorescent Lamp 

Ballasts 

C82.4-02................Lamp Ballasts - Ballasts fo r High-Intensity 

Discharge and Low-Pressure Sodium (LPS) Lamps 

(Multiple-Supply Type) 

C82.11-11...............Lamp Ballasts - High Freque ncy Fluorescent Lamp 

Ballasts 

LL-9-09.................Dimming of T8 Fluorescent L ighting Systems 
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SSL-1-10................Electronic Drivers for LED Devices, Arrays, or 

Systems 

K. Underwriters Laboratories, Inc. (UL):  

496-08..................Lampholders 

542-0599................Fluorescent Lamp Starters 

844-12..................Luminaires for Use in Hazar dous (Classified) 

Locations 

924-12..................Emergency Lighting and Powe r Equipment 

935-01..................Fluorescent-Lamp Ballasts 

1029-94.................High-Intensity-Discharge La mp Ballasts 

1029A-06................Ignitors and Related Auxili aries for HID Lamp 

Ballasts 

1598-08.................Luminaires 

1574-04.................Track Lighting Systems 

2108-04.................Low-Voltage Lighting System s 

8750-09.................Light Emitting Diode (LED) Light Sources for 

Use in Lighting Products 

PART 2 - PRODUCTS  

2.1 LIGHTING FIXTURES 

A. Shall be in accordance with NFPA, UL, as shown o n drawings, and as 

specified. 

B. Sheet Metal:  

1. Shall be formed to prevent warping and sagging. Housing, trim and 

lens frame shall be true, straight (unless intentio nally curved), 

and parallel to each other as designed.  

2. Wireways and fittings shall be free of burrs and  sharp edges, and 

shall accommodate internal and branch circuit wirin g without damage 

to the wiring.  

3. When installed, any exposed fixture housing surf ace, trim frame, 

door frame, and lens frame shall be free of light l eaks.  

4. Hinged door frames shall operate smoothly withou t binding.  Latches 

shall function easily by finger action without the use of tools.  

C. Ballasts and lamps shall be serviceable while th e fixture is in its 

normally installed position.  Ballasts shall not be  mounted to 

removable reflectors or wireway covers unless so sp ecified.  
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D. Lamp Sockets:  

1. Fluorescent: Single slot entry type, requiring a  one-quarter turn of 

the lamp after insertion. Lampholder contacts shall  be the biting 

edge type.  

E. Recessed fixtures mounted in an insulated ceilin g shall be listed for 

use in insulated ceilings.  

F. Mechanical Safety: Lighting fixture closures (le ns doors, trim frame, 

hinged housings, etc.) shall be retained in a secur e manner by captive 

screws, chains, aircraft cable, captive hinges, or fasteners such that 

they cannot be accidentally dislodged during normal  operation or 

routine maintenance.  

G. Metal Finishes:  

1. The manufacturer shall apply standard finish (un less otherwise 

specified) over a corrosion-resistant primer, after  cleaning to free 

the metal surfaces of rust, grease, dirt and other deposits.  Edges 

of pre-finished sheet metal exposed during forming,  stamping or 

shearing processes shall be finished in a similar c orrosion 

resistant manner to match the adjacent surface(s).  Fixture finish 

shall be free of stains or evidence of rusting, bli stering, or 

flaking, and shall be applied after fabrication.  

2. Interior light reflecting finishes shall be whit e with not less than 

85 percent reflectances, except where otherwise sho wn on the 

drawing.  

3. Exterior finishes shall be as shown on the drawi ngs.  

H. Lighting fixtures shall have a specific means fo r grounding metallic 

wireways and housings to an equipment grounding con ductor.  

I. Light Transmitting Components for Fluorescent Fi xtures:  

1. Shall be 100 percent virgin acrylic.  

2. Flat lens panels shall have not less than 3 mm ( 1/8 inch) of average 

thickness.  

3. Unless otherwise specified, lenses, reflectors, diffusers, and 

louvers shall be retained firmly in a metal frame b y clips or 

clamping ring in such a manner as to allow expansio n and contraction 

without distortion or cracking.  
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J. Lighting fixtures in hazardous areas shall be su itable for installation 

in Class and Division areas as defined in NFPA 70.  

K. Compact fluorescent fixtures shall be manufactur ed specifically for 

compact fluorescent lamps with ballast integral to the fixture. 

Assemblies designed to retrofit incandescent fixtur es are prohibited 

except when specifically indicated for renovation o f existing fixtures.  

2.2 BALLASTS 

A. Linear Fluorescent Lamp Ballasts:  Multi-voltage  (120 – 277V), 

electronic instant-start type, designed for type an d quantity of lamps 

indicated.  Ballasts shall be designed for full lig ht output unless 

dimmer or bi-level control is indicated.  Ballasts shall include the 

following features: 

1. Lamp end-of-life detection and shutdown circuit (T5 lamps only). 

2. Automatic lamp starting after lamp replacement. 

3. Sound Rating: Class A. 

4. Total Harmonic Distortion (THD): 10 percent or l ess. 

5. Transient Voltage Protection: IEEE C62.41.1 and IEEE C62.41.2, 

Category A or better. 

6. Operating Frequency: 20 kHz or higher. 

7. Lamp Current Crest Factor: 1.7 or less. 

8. Ballast Factor: 0.87 or higher unless otherwise indicated. 

9. Power Factor:  0.98 or higher. 

10. EMR/RFI Interference:  Comply with CFR Title 47  Part 18 for 

limitations on electromagnetic and radio-frequency interference for 

non-consumer equipment. 

11. To facilitate multi-level lamp switching, lamps  within fixture shall 

be wired with the outermost lamp at both sides of t he fixture on the 

same ballast, the next inward pair on another balla st and so on to 

the innermost lamp (or pair of lamps). Within a giv en room, each 

switch shall uniformly control the same correspondi ng lamp (or lamp 

pairs) in all fixture units that are being controll ed.  
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12. Where three-lamp fixtures are indicated, unless  switching 

arrangements dictate otherwise, utilize a common tw o-lamp ballast to 

operate the center lamp in pairs of adjacent units that are mounted 

in a continuous row. The ballast fixture and slave- lamp fixture 

shall be factory wired with leads or plug devices t o facilitate this 

circuiting. Individually mounted fixtures and the o dd fixture in a 

row shall utilize a single-lamp ballast for operati on of the center 

lamp.  

2.3 FLUORESCENT EMERGENCY BALLAST 

A. Self-contained, modular, battery-inverter unit, factory mounted within 

lighting fixture housing and compatible with ballas t. 

1. Emergency Connection:  Operate two fluorescent l amp(s) continuously 

at an output of a minimum 1,350 initial lumens.  Co nnect unswitched 

circuit to battery-inverter unit and switched circu it to fixture 

ballast. 

2. Integral self-test and Indicator Light:  Visible  without opening 

fixture or entering ceiling space. 

a. Indicator Light:  LED indicates normal power on.   Normal glow 

indicates trickle charge; bright glow indicates cha rging at end 

of discharge cycle. 

3. Battery: Sealed, maintenance-free, nickel-cadmiu m type. 

4. Charger: Fully automatic, solid-state, constant- current type with 

sealed power transfer relay. 

5. Integral Self-Test:  Automatically initiates tes t of unit emergency 

operation at required intervals.  Test failure is a nnunciated by an 

integral audible alarm and a flashing LED. 

2.4 LAMPS 

A. Linear T8 Fluorescent Lamps: 

1. Except as indicated below, lamps shall be low-me rcury energy saving 

type, have a color temperature of 4100 °K, a Color Rendering Index 

(CRI) equal or greater than 80, average rated life equal to or 

greater than 24,000 hours when used with an instant  start ballast 

and 30,000 hours when used with a programmed or rap id start ballast 

(based on 3 hour starts), and be suitable for use w ith dimming 

ballasts, unless otherwise indicated.   
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2. Lamps shall comply with EPA Toxicity Characteris tic Leachate 

Procedure (TCLP) requirements. 

2.5 LED LIGHT FIXTURES (BUILDING EXTERIOR) 

A. General: 

1. LED light fixtures shall be in accordance with I ES, NFPA, UL, as 

shown on the drawings, and as specified. 

2. LED light fixtures shall be Reduction of Hazardo us Substances 

(RoHS)-compliant. 

3. LED drivers shall include the following features  unless otherwise 

indicated: 

a. Minimum efficiency: 85% at full load. 

b. Minimum Operating Ambient Temperature: -40˚ C. ( -40˚ F.) 

c. Input Voltage: 120 - 277V (±10%) at 60 Hz. 

d. Integral short circuit, open circuit, and overlo ad protection. 

e. Power Factor: ≥ 0.95. 

f. Total Harmonic Distortion: ≤ 20%. 

g. Comply with FCC 47 CFR Part 15. 

h. Power supplies: Class I or II output. 

i. Surge Protection: The system must survive 250 re petitive strikes 

of “C Low” (C Low: 6kV/1.2 x 50 µs, 10kA/8 x 20 µs) waveforms at 1-

minute intervals with less than 10% degredation in clamping 

voltage.  “C Low” waveforms are as defined in IEEE/ ANSI C62.41.2-

2002, Scenario 1 Location Category C. 

4. LED modules shall include the following features  unless otherwise 

indicated: 

a. Comply with IES LM-79 and LM-80 requirements. 

b. Minimum CRI 80 and color temperature 3000˚ K unl ess otherwise 

specified in LIGHTING FIXTURE SCHEDULE.  

c. Minimum Rated Life: 50,000 hours per IES L70. 

d. Light output lumens as indicated in the LIGHTING  FIXTURE 

SCHEDULE. 

PART 3 - EXECUTION  

3.1 INSTALLATION  

A. Installation shall be in accordance with the NEC , manufacturer's 

instructions, and as shown on the drawings or speci fied.  
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B. Align, mount, and level the lighting fixtures un iformly. 

C. Wall-mounted fixtures shall be attached to the s tuds in the walls, or 

to a 20 gauge metal backing plate that is attached to the studs in the 

walls.  Lighting fixtures shall not be attached dir ectly to gypsum 

board. 

D. Lighting Fixture Supports:  

1. Shall provide support for all of the fixtures. S upports may be 

anchored to channels of the ceiling construction, t o the structural 

slab or to structural members within a partition.  

2. Shall maintain the fixture positions after clean ing and relamping.  

3. Shall support the lighting fixtures without caus ing the ceiling or 

partition to deflect.  

E. Furnish and install the new lamps as specified f or all lighting 

fixtures installed under this project, and for all existing lighting 

fixtures reused under this project. 

F. The electrical and ceiling trades shall coordina te to ascertain that 

approved lighting fixtures are furnished in the pro per sizes and 

installed with the proper devices (hangers, clips, trim frames, 

flanges, etc.), to match the ceiling system being i nstalled. 

G. Bond lighting fixtures to the grounding system a s specified in Section 

26 05 26, GROUNDING AND BONDING FOR ELECTRICAL SYST EMS. 

H. At completion of project, replace all defective components of the 

lighting fixtures at no cost to the Government.  

I. Dispose of lamps per requirements of Section 01 74 19, CONSTRUCTION 

WASTE MANAGEMENT, and Section 02 41 00, DEMOLITION.  

3.2 ACCEPTANCE CHECKS AND TESTS  

A. Perform the following: 

1. Visual Inspection: 

a. Verify proper operation by operating the lightin g controls. 

b. Visually inspect for damage to fixtures, lenses,  reflectors, 

diffusers, and louvers.  Clean fixtures, lenses, re flectors, 

diffusers, and louvers that have accumulated dust, dirt, or 

fingerprints during construction. 

 

 

2. Electrical tests: 
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a. Burn-in all lamps that require specific aging pe riod to operate 

properly, prior to occupancy by Government.  Burn-i n period to be 

40 hours minimum, unless specifically recommended o therwise by the 

lamp manufacturer.  Replace any lamps and ballasts which fail 

during burn-in. 

3.3 FOLLOW-UP VERIFICATION 

A. Upon completion of acceptance checks and tests, the Contractor shall 

show by demonstration in service that the lighting systems are in good 

operating condition and properly performing the int ended function. 

---END--- 
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SECTION 31 20 00 
EARTHWORK 

 
PART 1 - GENERAL 

1.1 DESCRIPTION OF WORK: 

A. This section specifies the requirements for furn ishing all equipment, 

materials, labor, tools, and techniques for earthwo rk including, but not 

limited to, the following: 

1. Site preparation. 

2. Excavation. 

3. Filling and backfilling. 

4. Grading. 

5. Soil Disposal. 

6. Clean Up. 

1.2 DEFINITIONS: 

A. Unsuitable Materials: 

1. Fills: Topsoil; frozen materials; construction m aterials and 

materials subject to decomposition; clods of clay a nd stones larger 

than 75 mm (3 inches); organic material, including silts, which are 

unstable; and inorganic materials, including silts,  too wet to be 

stable and any material with a liquid limit and pla sticity index 

exceeding 40 and 15 respectively.  Unsatisfactory s oils also include 

satisfactory soils not maintained within 2 percent of optimum 

moisture content at time of compaction, as defined by ASTM D698. 

2. Existing Subgrade (Except Footing Subgrade): Sam e materials as 

1.2.A.1, that are not capable of direct support of slabs, pavement, 

and similar items with possible exception of improv ement by 

compaction, proof rolling, or similar methods. 

3. Existing Subgrade (Footings Only): Same as parag raph 1, but no fill 

or backfill. If materials differ from design requir ements, excavate 

to acceptable strata subject to Resident Engineer's  approval. 

B. Building Earthwork: Earthwork operations require d in area enclosed by a 

line located 1500 mm (5 feet) outside of principal building perimeter. 

It also includes earthwork required for auxiliary s tructures and 

buildings. 

C. Site Earthwork: Earthwork operations required in  area outside of a line 

located 1500 mm (5 feet) outside of principal build ing perimeter and 

within new construction area with exceptions noted above. 
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D. Degree of compaction: Degree of compaction is ex pressed as a percentage 

of maximum density obtained by laboratory test proc edure. This 

percentage of maximum density is obtained through u se of data provided 

from results of field test procedures presented in ASTM D1556, ASTM 

D2167, and ASTM D6938. 

E. Fill: Satisfactory soil materials used to raise existing grades. In the 

Construction Documents, the term “fill” means fill or backfill as 

appropriate. 

F. Backfill: Soil materials or controlled low stren gth material used to 

fill an excavation. 

G. Unauthorized excavation: Removal of materials be yond indicated sub-grade 

elevations or indicated lines and dimensions withou t written 

authorization by the Resident Engineer. No payment will be made for 

unauthorized excavation or remedial work required t o correct 

unauthorized excavation. 

H. Authorized additional excavation: Removal of add itional material 

authorized by the Resident Engineer based on the de termination by the 

Government’s soils testing agency that unsuitable b earing materials are 

encountered at required sub-grade elevations. Remov al of unsuitable 

material and its replacement as directed will be pa id on basis of 

Conditions of the Contract relative to changes in w ork. 

I. Subgrade: The undisturbed earth or the compacted  soil layer immediately 

below granular sub-base, drainage fill, or topsoil materials. 

J. Structure: Buildings, foundations, slabs, tanks,  curbs, mechanical and 

electrical appurtenances, or other man-made station ary features 

constructed above or below the ground surface. 

K. Borrow: Satisfactory soil imported from off-site  for use as fill or 

backfill. 

L. Drainage course: Layer supporting slab-on-grade used to minimize 

capillary flow of pore water. 

M. Utilities include on-site underground pipes, con duits, ducts, and cables 

as well as underground services within buildings. 

 

N. Debris: Debris includes all materials located wi thin the designated work 

area not covered in the other definitions and shall  include but not be 

limited to items like vehicles, equipment, applianc es, building 

materials or remains thereof, tires, any solid or l iquid chemicals or 

products stored or found in containers or spilled o n the ground. 
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O. Contaminated soils:  Soil that contains contamin ates as defined and 

determined by the Resident Engineer or the Governme nt’s testing agency. 

1.3 RELATED WORK: 

A. Materials testing and inspection during construc tion: Section 01 45 29, 

TESTING LABORATORY SERVICES. 

B. Protection of existing utilities, fire protectio n services, existing 

equipment, roads, and pavements: Section 01 00 00, GENERAL REQUIREMENTS. 

1.4 CLASSIFICATION OF EXCAVATION: 

A. Unclassified Excavation: Removal and disposal of  pavements and other 

man-made obstructions visible on surface; utilities , and other items 

including underground structures indicated to be de molished and removed; 

together with any type of materials regardless of c haracter of material 

and obstructions encountered. 

1.5 SUBMITTALS: 

A. Submit in accordance with Section 01 33 23, SHOP  DRAWINGS, PRODUCT DATA, 

AND SAMPLES. 

B. Rock Excavation Report: 

1. Certification of rock quantities excavated. 

2. Excavation method. 

3. Labor. 

4. Equipment. 

5. Land Surveyor's or Civil Engineer's name and off icial registration 

stamp. 

6. Plot plan showing elevation. 

 
C. Furnish to Resident Engineer: 

1. Contractor shall submit procedure and location f or disposal of unused 

satisfactory material. Proposed source of borrow ma terial.   

Notification of encountering rock in the project.  Advance notice on 

the opening of excavation or borrow areas. Advance notice on shoulder 

construction for rigid pavements. 

 1.6 APPLICABLE PUBLICATIONS: 

A. Publications listed below form a part of this sp ecification to extent 

referenced. Publications are referenced in text by basic designation 

only. 

B. American Society for Testing and Materials (ASTM ): 

C33-03..................Concrete Aggregate 
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D698-07e1...............Standard Test Method for La boratory Compaction 

Characteristics of Soil Using Standard Effort 

(12,400 ft. lbf/ft 3 (600 kN m/m 3))D1140-00 Amount 

of Material in Soils Finer than the No. 200 (75-

micrometer) Sieve 

D1556-07................Standard Test Method for De nsity and Unit Weight 

of Soil in Place by the Sand Cone Method  

D2167-08................Standard Test Method for De nsity and Unit Weight 

of Soil in Place by the Rubber Balloon Method 

D2487-11................Standard Classification of Soils for Engineering 

Purposes (Unified Soil Classification System)  

C. Society of Automotive Engineers (SAE): 

J732-07.................Specification Definitions -  Loaders 

J1179-08................Hydraulic Excavator and Bac khoe Digging Forces 

1.7 QUALITY ASSURANCE: 

   A. GEOTECHNICAL TESTING AGENCY QUALIFICATIONS:  QUALIFIED ACCORDING TO ASTM    
 E 329 AND ASTM D 3740 FOR TESTING INDICATED.1.10 P ROJECT CONDITIONS: 

B. Utility Locator Service:  Notify "Call Before Yo u Dig" for area where 

Project is located before beginning earth moving op erations. 

PART 2 - PRODUCTS 

2.1 MATERIALS: 

 
A. General:  Provide borrow soil material when suff icient satisfactory soil 

materials are not available from excavations. 

B. Fills: Material in compliance with ASTM D2487 So il Classification Groups 

GW, GP, GM, SW, SP, SM, SC, and ML, or any combinat ion of these groups; 

free of rock or gravel larger than 75 mm (3 inches)  in any dimension, 

debris, waste, frozen materials, vegetation, and ot her deleterious 

matter.  Material approved from on site or off site  sources having a 

minimum dry density of 1760 kg/m3 (110 pcf), a maxi mum Plasticity Index 

of 15, and a maximum Liquid Limit of 40. 

C. Engineered Fill: Naturally or artificially grade d mixture of compliance 

with ASTM D2487 Soil Classification Groups GW, GP, GM, SW, SP, SM, SC, 

and ML, or any combination of these groups, or as a pproved by the 

Geotechnical Engineer or material with at least 90 percent passing a 

37.5-mm (1 1/2-inch) sieve and not more than 5 perc ent passing a 75-µm 

(No. 200) sieve, per ASTM D2940;. 
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D. Drainage Fill: Washed, narrowly graded mixture o f crushed stone, or 

crushed or uncrushed gravel; ASTM D448; coarse-aggr egate grading Size 

57; with 100 percent passing a 37.5 mm (1 1/2-inch)  sieve and 0 to 5 

percent passing a 2.36 mm (No. 8) sieve. 

E. Granular Fill: 

1. Under concrete slab, - granular fill shall consi st of clean, poorly 

graded crushed rock, crushed gravel, or uncrushed g ravel placed 

beneath a building slab with or without a vapor bar rier to cut off 

the capillary flow of pore water to the area immedi ately below.  Fine 

aggregate grading shall conform to ASTM C 33 with a  maximum of 3 

percent by weight passing ASTM D 1140, 75 micromete rs (No. 200) 

sieve, and no more than 2 percent by weight passing  the 4.75 mm (No. 

4) size sieve. 

F. Requirements for Offsite Soils: Offsite soils br ought in for use as 

backfill shall be tested for TPH, BTEX and full TCL P including 

ignitability, corrosivity and reactivity. Backfill shall contain less 

than 100 parts per million (ppm) of total hydrocarb ons (TPH) and less 

than 10 ppm of the sum of Benzene, Toleune, Ethyl B enzene, and Xylene 

(BTEX) and shall not fail the TCLP test.  TPH conce ntrations shall be 

determined by using EPA 600/4-79/020 Method 418.1.  BTEX concentrations 

shall be determined by using EPA SW-846.3-3a Method  5030/8020.  TCLP 

shall be performed in accordance with EPA SW-846.3- 3a Method 1311.  

Provide Borrow Site Testing for TPH, BTEX and TCLP from a composite 

sample of material from the borrow site, with at le ast one test from 

each borrow site.   

G. Buried Warning and Identification Tape: acid- an d alkali-resistant 

polyethylene plastic warning tape manufactured spec ifically for warning 

and identification of buried utility lines.  Provid e tape on rolls, 6 

inch width and 4 mils thick, color coded as specifi ed below for the 

intended utility with warning and identification im printed in bold black 

letters continuously over the entire tape length.  Warning and 

identification to read, “CAUTION, BURIED (intended service) LINE  BELOW” 

or similar wording.  Color and printing shall be pe rmanent, Unaffected 

by moisture or soil. Warning tape color codes: 

 Red:  Electric 

 Yellow: Gas, Oil, Dangerous Materials 

 Orange: Telephone and Other Communications 

 Blue:       Water Systems 
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 Green:       Sewer Systems 

 White:       Steam Systems 

 Gray:    Compressed Air 

H. Warning Tape for Metallic Piping:  Acid and alka li-resistant 

polyethylene plastic tape conforming to the width, color, and printing 

requirements specified above.  Minimum thickness of  tape shall be 0.076 

mm (0.003 inch).  Tape shall have a minimum strengt h of 10.3 MPa (1500 

psi) lengthwise, and 8.6 MPa (1250 psi) crosswise, with a maximum 350 

percent elongation. 

I. Detectable Warning Tape for Non-Metallic Piping:  Polyethylene plastic 

tape conforming to the width, color, and printing r equirements specified 

above.  Minimum thickness of the tape shall be 0.10 2 mm (0.004 inch). 

Tape shall have a minimum strength of 10.3 MPa (150 0 psi) lengthwise and 

8.6 MPa (1250 psi) crosswise.  Tape shall be manufa ctured with integral 

wires, foil backing, or other means of enabling det ection by a metal 

detector when tape is buried up to 0.9 m (3 feet) d eep.  Encase metallic 

element of the tape in a protective jacket or provi de with other means 

of corrosion protection. 

J. Detection Wire For Non-Metallic Piping:  Detecti on wire shall be 

Insulated single strand, solid copper with a minimu m of 12 AWG.   

PART 3 - EXECUTION 

3.1 SITE PREPARATION: 

A. Clearing: Clear within limits of earthwork opera tions as shown. Work 

includes removal of trees, shrubs, fences, foundati ons, incidental 

structures, paving, debris, trash, and other obstru ctions. Remove 

materials from Medical Center.  

B. Grubbing: Remove stumps and roots 75 mm (3 inch)  and larger diameter. 

Undisturbed sound stumps, roots up to 75 mm (3 inch ) diameter, and 

nonperishable solid objects a minimum of 900 mm (3 feet) below subgrade 

or finished embankment may be left. 

C. Stripping Topsoil: Strip topsoil from within lim its of earthwork 

operations as specified. Topsoil shall be a fertile , friable, natural 

topsoil of loamy character and characteristic of lo cality. Topsoil shall 

be capable of growing healthy horticultural crops o f grasses. Stockpile 

topsoil and protect as directed by Resident Enginee r. Eliminate foreign 

materials, such as weeds, roots, stones, subsoil, f rozen clods, and 

similar foreign materials larger than 0.014 m3 (1/2  cubic foot) in 

volume, from soil as it is stockpiled. Retain topso il on station. Remove 
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foreign materials larger than 50 mm (2 inches) in a ny dimension from 

topsoil used in final grading. Topsoil work, such a s stripping, 

stockpiling, and similar topsoil work shall not, un der any 

circumstances, be carried out when soil is wet so t hat the composition 

of the soil will be destroyed.  

D. Lines and Grades: Registered Professional Land S urveyor or Registered 

Civil Engineer, specified in Section 01 00 00, GENE RAL REQUIREMENTS, 

shall establish lines and grades. 

1. Grades shall conform to elevations indicated on plans within the 

tolerances herein specified. Generally grades shall  be established to 

provide a smooth surface, free from irregular surfa ce changes.  

Grading shall comply with compaction requirements a nd grade cross 

sections, lines, and elevations indicated. Where sp ot grades are 

indicated the grade shall be established based on i nterpolation of 

the elevations between the spot grades while mainta ining appropriate 

transition at structures and paving and uninterrupt ed drainage flow 

into inlets. 

2. Locations of existing and proposed elevations in dicated on plans, 

except spot elevations, are approximate. Proposed s pot elevations and 

contour lines have been developed utilizing the exi sting conditions 

survey and developed contour lines and may be appro ximate. Contractor 

is responsible to notify Resident Engineer of any d ifferences between 

existing elevations shown on plans and those encoun tered on site by 

Surveyor/Engineer described above. Notify Resident Engineer of any 

differences between existing or constructed grades,  as compared to 

those shown on the plans. 

3. Subsequent to establishment of lines and grades,  Contractor will be 

responsible for any additional cut and/or fill requ ired to ensure 

that site is graded to conform to elevations indica ted on plans. 

E. Disposal: All materials removed from the propert y shall be disposed of 

at a legally approved site, for the specific materi als, and all removals 

shall be in accordance with all applicable Federal,  State and local 

regulations. No burning of materials is permitted o nsite. 

F. Protect subgrades and foundation soils from free zing temperatures and 

frost.  Remove temporary protection before placing subsequent materials. 

3.2 EXCAVATION: 

A. Shoring, Sheeting and Bracing: Shore, brace, or slope, its angle of 

repose or to an angle considered acceptable by the Resident Engineer, 
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banks of excavations to protect workmen, banks, adj acent paving, 

structures, and utilities. 

1. Design of the temporary support of excavation sy stem is the 

responsibility of the Contractor. The Contractor sh all submit a 

Shoring and Sheeting plan for approval 15 days prio r to starting 

work.  Submit drawings and calculations, certified by a registered 

professional engineer, describing the methods for s horing and 

sheeting of excavations.  Shoring, including sheet piling, shall be 

furnished and installed as necessary to protect wor kmen, banks, 

adjacent paving, structures, and utilities.  Shorin g, bracing, and 

sheeting shall be removed as excavations are backfi lled, in a manner 

to prevent caving. 

2. Construction of the support of excavation system  shall not interfere 

with the permanent structure and may begin only aft er a review by the 

Resident Engineer. 

3. Extend shoring and bracing to a minimum of 1500 mm (5 feet) below the 

bottom of excavation. Shore excavations that are ca rried below 

elevations of adjacent existing foundations. 

4. If bearing material of any foundation is disturb ed by excavating, 

improper shoring or removal of existing or temporar y shoring, placing 

of backfill, and similar operations, the Contractor  shall provide a 

concrete fill support under disturbed foundations, as directed by 

Resident Engineer, at no additional cost to the Gov ernment. Do not 

remove shoring until permanent work in excavation h as been inspected 

and approved by Resident Engineer. 

 

 

5. The Contractor is required to hire a Professiona l Geotechnical 

Engineer to provide inspection of excavations and s oil/groundwater 

conditions throughout construction.  The Geotechnic al Engineer shall 

be responsible for performing pre-construction and periodic site 

visits throughout construction to assess site condi tions.  The 

Geotechnical Engineer shall be available to meet wi th the Resident 

Engineer at any time throughout the contract durati on. 

B. Excavation Drainage: Operate pumping equipment ,  and/or provide other 

materials, means and equipment as required to keep excavation free of 

water and subgrade dry, firm, and undisturbed until  approval of 

permanent work has been received from Resident Engi neer. Approval by the 
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Resident Engineer is also required before placement  of the permanent 

work on all subgrades. Groundwater flowing toward o r into excavations 

shall be controlled to prevent sloughing of excavat ion slopes and walls, 

boils, uplift and heave in the excavation and to el iminate interference 

with orderly progress of construction.  French drai ns, sumps, ditches or 

trenches will not be permitted within 0.9 m (3 feet ) of the foundation 

of any structure, except with specific written appr oval, and after 

specific contractual provisions for restoration of the foundation area 

have been made.  Control measures shall be taken by  the time the 

excavation reaches the water level in order to main tain the integrity of 

the in situ material.  While the excavation is open , the water level 

shall be maintained continuously below the working level.  Operate 

dewatering system continuously until construction w ork below existing 

water levels is complete.  C. Subgrade Protection: Protect subgrades 

from softening, undermining, washout, or damage by rain or water 

accumulation.  Reroute surface water runoff from ex cavated areas and not 

allow water to accumulate in excavations.  Do not u se excavated trenches 

as temporary drainage ditches.  When subgrade for f oundations has been 

disturbed by water, remove disturbed material to fi rm undisturbed 

material after water is brought under control. Repl ace disturbed 

subgrade in trenches with concrete or material appr oved by the Resident 

Engineer. 

C. Building Earthwork: 

1. Excavation shall be accomplished as required by drawings and 

specifications. 

2. Excavate foundation excavations to solid undistu rbed subgrade. 

3. Remove loose or soft materials to a solid bottom . 

4. Fill excess cut under footings or foundations wi th 25 MPa (3000 psi) 

concrete poured separately from the footings. 

5. Do not tamp earth for backfilling in footing bot toms, except as 

specified. 

6. Slope grades to direct water away from excavatio ns and to prevent 

ponding. 

7. Capillary water barrier (granular fill) under co ncrete floor and 

area-way slabs on grade shall be placed directly on  the subgrade and 

shall be compacted with a minimum of two passes of a hand-operated 

plate-type vibratory compactor. 
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8. Ensure that footing subgrades have been inspecte d and approved by the 

Geotechnical Engineer prior to concrete placement.   

D. Site Earthwork: Earth excavation includes excava ting pavements and 

obstructions visible on surface; underground struct ures, utilities, and 

other items indicated to be removed; together with soil, boulders, and 

other materials not classified as rock or unauthori zed excavation. 

Excavation shall be accomplished as required by dra wings and 

specifications. Excavate to indicated elevations an d dimensions within a 

tolerance of plus or minus 25 mm (1 inch). Extend e xcavations a 

sufficient distance from structures for placing and  removing concrete 

formwork, for installing services and other constru ction, complying with 

OSHA requirements, and for inspections. Remove subg rade materials that 

are determined by Resident Engineer as unsuitable, and replace with 

acceptable material. If there is a question as to w hether material is 

unsuitable or not, the contractor shall obtain samp les of the material, 

under the direction of the Resident Engineer, and t he materials shall be 

examined by an independent testing laboratory for s oil classification to 

determine whether it is unsuitable or not. When uns uitable material is 

encountered and removed, contract price and time wi ll be adjusted in 

accordance with Articles, DIFFERING SITE CONDITIONS , CHANGES and 

CHANGES-SUPPLEMENT of the GENERAL CONDITIONS as app licable. Adjustments 

to be based on volume in cut section only. 

1. Site Grading: 

a. Provide a smooth transition between adjacent exi sting grades and 

new grades. 

b. Cut out soft spots, fill low spots, and trim hig h spots to comply 

with required surface tolerances. 

c. Slope grades to direct water away from buildings  and to prevent 

ponds from forming where not designed. Finish subgr ades to 

required elevations within the following tolerances : 

1) Lawn or Unpaved Areas: Plus or minus 25 mm (1 in ch). 

2) Walks: Plus or minus 25 mm (1 inch). 

3) Pavements: Plus or minus 13 mm (1 inch). 

d. Grading Inside Building Lines: Finish subgrade t o a tolerance of 

13 mm (1/2 inch) when tested with a 3000 mm (10 foo t) 

straightedge. 
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3.3 FILLING AND BACKFILLING: 

A. General: Do not fill or backfill until all debri s, water, unsatisfactory 

soil materials, obstructions, and deleterious mater ials have been 

removed from excavation. For fill and backfill, use  excavated materials 

and borrow meeting the criteria specified herein, a s applicable. Borrow 

will be supplied at no additional cost to the Gover nment. Do not use 

unsuitable excavated materials. Do not backfill unt il foundation walls 

have been completed above grade and adequately brac ed, waterproofing or 

dampproofing applied, foundation drainage, and pipe s coming in contact 

with backfill have been installed and work inspecte d and approved by 

Resident Engineer. 

B. Placing: Place materials in horizontal layers no t exceeding 200 mm (8 

inches) in loose depth for material compacted by he avy compaction 

equipment, and not more than 100 mm (4 inches) in l oose depth for 

material compacted by hand-operated tampers and the n compacted. Place 

backfill and fill materials evenly on all sides of structures to 

required elevations, and uniformly along the full l ength of each 

structure. Place no material on surfaces that are m uddy, frozen, or 

contain frost. 

C. Compaction: Compact with approved tamping roller s, sheepsfoot rollers, 

pneumatic tired rollers, steel wheeled rollers, vib rator compactors, or 

other approved equipment (hand or mechanized) well suited to soil being 

compacted. Do not operate mechanized vibratory comp action equipment 

within 3000 mm (10 feet) of new or existing buildin g walls without prior 

approval of Resident Engineer. Moisten or aerate ma terial as necessary 

to provide moisture content that will readily facil itate obtaining 

specified compaction with equipment used. Backfill adjacent to any and 

all types of structures shall be placed and compact ed to at least 90 

percent laboratory maximum density for cohesive mat erials or 95 percent 

laboratory maximum density for cohesionless materia ls to prevent wedging 

action or eccentric loading upon or against the str ucture. Compact soil 

to not less than the following percentages of maxim um dry density, 

according to ASTM D698 or ASTM D1557 as specified b elow: 

1. Fills, Embankments, and Backfill 

a. Under proposed structures, building slabs, steps , and paved areas, 

scarify and recompact top 300 mm (12 inches) of exi sting subgrade 

and each layer of backfill or fill material in acco rdance with 

ASTM D69897 percent. 
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b. Landscaped areas, top 400 mm (16 inches), ASTM D 698 90 percent. 

c. Landscaped areas, below 400 mm (16 inches) of fi nished grade, ASTM 

D698 90 percent. 

2. Natural Ground (Cut or Existing) 

a. Under building slabs, steps and paved areas, top  150 mm (6 

inches), ASTM D698 95 percent. 

D. Borrow Material: Borrow material shall be select ed to meet the 

requirements and conditions of the particular fill or embankment for 

which it is to be used.  Borrow material shall be o btained from the 

borrow areas from approved private sources.  Unless  otherwise provided 

in the contract, the Contractor shall obtain from t he owners the right 

to procure material, pay royalties and other charge s involved, and bear 

the expense of developing the sources, including ri ghts-of-way for 

hauling.  Borrow material from approved sources on Government-controlled 

land may be obtained without payment of royalties.  Unless specifically 

provided, no borrow shall be obtained within the li mits of the project 

site without prior written approval.  Necessary cle aring, grubbing, and 

satisfactory drainage of borrow pits and the dispos al of debris thereon 

shall be considered related operations to the borro w excavation. 

3.4 GRADING: 

A. General: Uniformly grade the areas within the li mits of this section, 

including adjacent transition areas. Smooth the fin ished surface within 

specified tolerance. Provide uniform levels or slop es between points 

where elevations are indicated, or between such poi nts and existing 

finished grades. Provide a smooth transition betwee n abrupt changes in 

slope. 

B. Cut rough or sloping rock to level beds for foun dations. In pipe spaces 

or other unfinished areas, fill low spots and level  off with coarse sand 

or fine gravel. 

C. Slope backfill outside building away from buildi ng walls for a minimum 

distance of 1800 mm (10 feet). 

E. Finished grade shall be at least 150 mm (6 inche s) below bottom line of 

window or other building wall openings unless great er depth is shown. 

F. Place crushed stone or gravel fill under concret e slabs on grade, 

tamped, and leveled. Thickness of fill shall be 150  mm (6 inches) unless 

otherwise shown. 
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3.5 DISPOSAL OF UNSUITABLE AND EXCESS EXCAVATED MAT ERIAL: 

A. Disposal: Remove surplus satisfactory soil and w aste material, including 

unsatisfactory soil, trash, and debris, and legally  dispose of it off 

Medical Center property. 

B. Remove from site and dispose of any excess excav ated materials after all 

fill and backfill operations have been completed. 

C. Segregate all excavated contaminated soil design ated by the Resident 

Engineer from all other excavated soils, and stockp ile on site on two 

0.15 mm (6 mil) polyethylene sheets with a polyethy lene cover. A 

designated area shall be selected for this purpose.  Dispose of excavated 

contaminated material in accordance with State and Local requirements. 

3.6 CLEAN UP: 

A. Upon completion of earthwork operations, clean a reas within contract 

limits, remove tools, and equipment. Provide site c lear, clean, free of 

debris, and suitable for subsequent construction op erations. Remove all 

debris, rubbish, and excess material from Medical C enter. 

----- E N D ----- 

 



DEPARTMENT OF VETERANS AFFAIRS 

SIOUX FALLS VA  HEALTH CARE SYSTEM  

UPGRADE CAMPUS ELECTRICAL SERVICE 

VA PROJECT # 438-13-121 

TSP PROJECT # 04121073 PRIORITY 2 

 

31 20 00 - 14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 THIS PAGE INTENTIONALLY LEFT BLANK  


